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mission, Boston, Massachusetts. 
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EDITOR 
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“THE Association was St Boston, Mam, on June Si, object 
of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original eyrsonap 5 of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of over 1000 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of a public or private water works, an Sn chemist or 
other person qualified to aid or interested in the advancement of knowledge relative to water works. 

in some branch of water supply or of 

nected with water supply work. 

An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing materials 


or supplies for the construction or maintenance of water works. 


A Corporste Member shall be either a Water Board, Commission, Company or Municipal Corporation. 
The initiation fees and annual dues are as follows: 
Initiation Fees Annual Dues 
Members $ 3.00 Members $ 8.00 
Juniors 1,00 Juniors 3.00 
Associates 10.00 A iat 25.00 
Corporate Memb 10.00 Corporate Members 15.00 


This Association has at least eight regular meetings each , of which five are 
in Boston, one in northern New England, one in southern New England, and one, 


annual convention, held in September or October on such date as the Executive Com- 
mittee may designate, 
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Growth of U.S. Population in Millions: 


1900—75; 1950—150; 1990—300 (Estimated) 


And proportionate demands on water and sanitary facilities are 
increasing even more rapidly because of industry’s ever-growing need 
for water supply and waste disposai. 

Over the past half century Lock Joint Pipe Company has helped keep 
pace with the requirements of a doubling population by supplying 
millions of feet of concrete pipe for vital water and sewer lines. Virtually 
100% of these are still in service and are operating with the same high 
efficiency as the day they were installed. 

This unexcelled record for economy, efficiency and safety certainly 
recommends Lock Joint Concrete Pressure and 
Sewer Pipe as the ideal material to implement the 
long range plans of water and sanitation officials 
to meet the growing crisis. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sales Offices: Chicago, Ill. « Columbia, S.C. + Denver, Col. 
Detroit, Mich. + Hartford, Conn. + Kansas City, Mo. + Perryman, Md. + St. Paul, Minn. 
Pressure + Water - Sewer + REINFORCED CONCRETE PIPE ~ Culvert - Subaqueous 
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YOURS: CAST IRON PIPE 


Installed— 
7a it stays installed 


One thing sure about cast iron pipe— 

once it’s in the ground, it’s there for keeps! 

Over 100 American utilities, having used 

cast iron pipe steadily for more than a 

century, can testify to that. And modern 

cast iron pipe gives you greater assurance 

than ever: great beam strength resists 

heavy surface traffic; tremendous load : 
resistance absorbs even the most forceful 
pressures. In fact, when you select cast 

iron pipe, you can anticipate no major 

repairs in your water supply system for 

the next hundred years! 


Cement-lined— it stays 
cement-lined 


A smooth coat of cement lining along the 
inner wall helps prevent the formation of 
flow-reducing particles. No matter how 
strong the water is, cast iron pipe always 
assures a free, steady flow. 


Joined — it stays joined 


Bottle-tight, rubber-ring joints give you 
leak-proof protection at the most vulner- 
able points of your system. Vibrations, 
surface traffic and washouts present no 
problems to cast iron pipe. Inherent 
ruggedness . . . built to perform under all 
adverse underground conditions. . . 
repair-free service for at least a century 
—all good reasons why your choice 
should be that of water utility experts 
everywhere. America’s greatest water 
carrier: cast iron pipe. . 


Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
3440 Prudential Plaza, Chicago 1, Ill. 


CAST IRON PIPE 
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Diesel Generator Set 
Brunswick and Topsham Water District 
Brunswick, Maine 


This 125 KW CUMMINS Diesel Generator Set provides stand-by power 
at Taylor Farm Supply, Brunswick and Topsham Water District. The gene- 
rator set is specially designed to start a 100 HP pump motor. 


Camp, Dresser and McKee of Boston, Massachusetts, were the engineers 


for this unusual application of diesel power. 


CUMMINS DIESEL OF NEW ENGLAND, INC. 
201 Cambridge Street 
ALLSTON 34, MASSACHUSETTS 
106 Main Street 720 Union Street 
SOUTH PORTLAND, MAINE WEST SPRINGFIELD, MASSACHUSETTS 
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PUT ALL THESE FEATURES IN 
. ONE HYDRANT AND YOU HAVE A 


MATHEWS 


A dry-head hydrant; adjustable nozzle 
levels; replaceable barrel—three of many 
\ major features that help make Mathews 
J 

the one hydrant for sound community pro- 

y 

Fd tection. The Mathews is designed to be 
i always operable, always dependable, al- 
| 


ways ready to deliver at full pressure. 


NUT PREVENTS STEM FROM 

BUCKLING. The heavy bronze stup nut halts 
the downward travel of the stem just before the 
lower end touches the bottom of the elbow. 
This prevents any buckling stress on the stem 
when excessive pressure is put on the open- 
ing wrench. 


ee ' AND ALL THESE OTHER FEA- 
— i TURES, TOO: All working parts con- 
tained in replaceable barrel * Head 
can be faced in any direction *« Re- 
placeable head * Any nozzle you spe- 
cify * Nozzle levels raised or lowered 
without excavating * Leakproof be- 
cause stuffing box is cast integral with 
nozzle section * Operating thread only 
part requiring lubrication * Protection 
case of “Sand-Spun” cast iron for 
Strength, toughness, elasticity * Avail- 
able with bell, mechanical joint or 
flange pipe connections. 


Conform to latest AWWA specifications 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadelphia 5, Pa. 


Manufacturers also of Mathews Flange Barrel Hydrants, R. D. Wood Hydrants, 
R. D. Wood Gate Valves, and “Sand-Spun” Pipe (centrifugally cast in sand molds) 
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In Two Sections 


Sliding Type 


The Three “Bigs” in Buying 
1. Standardization 
2. Dependability 
3. Quick Delivery 


CORPORATION 


Genuine Buffalo Cast Iron 
Service. Valve. Roadway and Meter Boxes 


Manhole Frames and Covers 
CULPEPER, VIRGINIA 
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RATE OF FLOW 
AT A GLANCE 


Complete and accurate water meter testing requires 
definite knowledge of rates of flow. The Ford Testerate 
Indicator provides quick, precise readings in gallons per 
minute and is a useful and valuable accessory in any 
modern meter shop. Accuracy is within 2% down to 
1 GPM, and the operator can make corrected readings 
with rates of flow as small as 4% GPM. 


Easily connected to any meter testing outfit. Write for 
complete information. 


FOR BETTER \WATER SERVICES 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 


NEW compression 
couplings 
... for steel or copper pipe 


... with or without 


locking nut 


Quickly installed in old piping! 
UW ELLER: copper meter yokes 


You can now install Mueller Copper Meter Yokes in any existing steel 
or copper piping im just a few minutes and without cutting threads or 
sweating joints. 

Simply cut a short section from the pipe, slip the new Mueller 
Compression Couplings over the ends of the pipe, position yoke and 
assemble couplings to it and tighten the compression nuts. 

That’s all there is to it with Mueller’s new Compression Couplings. 
Permanent, water-tight joints are quickly made even on rough and 
badly pitted pipe. Possible trouble is avoided because the piping does 
not have to be moved. 

These new, time-saving couplings are now available for all Mueller 
Copper Meter Yokes with Multi-Purpose Ends. Regular compression 
nut or locking nut designs can be furnished. The locking nut type 
positively prevents any movement of the yoke on the pipe and insures 
continuous electrical bonding of the service piping. 


‘opper Meter Yokes are 
portion of Mueller’s 


ne of quality: MUELLER Co. 
d meter setting 
2 DECATUR, ILL. 


pment. 
infor- 
ications. ia — Factories at: Decatur, Chottonooga, Los Angeles; 
in Coneda: Mueller, Limited, Sornic, Ontario 
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Yes, your city’s small but impor- 
tant transmission and distribution 
lines can also regain their orig- 
inal flow capacity and pressure 
through the universally accepted 
Centriline Process of centrifu- 
gally applying a cement-mortar 
coating to the pipe walls. If some 
of your lines inadequately serve 
your customers’ requirements, 
including higher demands for fire 
protection, investigate the numer- 
ous advantages of Centrilining 
your mains now. 


THE CENTRILINE MACHINE 


NOW! THE CENTRILINE PROCESS 
is available for 6 to 14 mains, too! 


designed for 
small diameters 


The new, small diameter Centri- 
line Machine eliminates most ex- 
cavations at valves, laterals and 
corporation cocks. By eliminat- 
ing these fixed costs, lengthening 
the distances between access 
openings and permitting faster 
lining speeds, the new Centriline 
Machine has really reduced the 
cost of lining small mains. So 
much so, in fact, that every water 
works operator should reevalu- 
ate the economics of small pipe 
rehabilitation. 


Send today for your copy of our illustrated booklet which fully describes 
how Centriline can help you salvage worn out pipes from 6” to 144” in 
diameter permanently and for much less than you would imagine. 


CENTRILINE CORPORATION 


A Subsidiary of Raymond Concrete Pile Company 


140 Cedar Street Branch Offices in Principal 


New York,6, N. ¥. (zeroed Cities of the United States, 
WOrth 2-1429 canada and Latin America. 
® 
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ANOTHER 
FAIRBANKS-MORSE 
LEADER 
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fet? 
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Marblehead Booster Station 
Marblehead, Mass. 


Shown in foreground is 15 HP motor driven Fairbanks-Morse 12” 
split case centrifugal pump — 3500 GPM at % TDH. Other unit is 
100 HP motor driven Fairbanks-Morse 14” split case centrifugal 
pump — 5150 GPM at 65’ TDH. 
HALEY & WARD, Consulting Engineers 
Boston, Mass. 


RALPH P. HALL CO., INC., Builder 
Stoneham, Mass. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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A striking example of fine appearance and exacting 
craftsmanship is this PDM Steel Reservoir built for the 
Municipal Authority of the Borough of West View, Pa., 
in a high-value residential district. An entire hilltop was 
removed to make room for the 5,000,000 gallon struc- 
ture, special architectural detailing employed for visual 
appeal, and a two-tone blue color scheme applied to 
complete a most unusual and applauded neighborhood 
feature. ¢ Do you have a particular water storage prob- 
lem? Let us discuss it with you! 


¢ 5,000,000 Galion Reservoir, 150 ft diameter by 40 ft high, built for the Municipal Authority of the Borough of West 
f View, Pa. in Ross Twp., Allegheny County. Structure designed by William Murdoch, Consulting Engineer, Pittsburgh, Pa. 


Pittsburgh-Des Moines Steel Company 


Plants at PITTSBURGH, WARREN, BRISTOL, PA. + BALTIMORE + BIRMINGHAM + DES MOINES 
PROVO, UTAH + CASPER, WYO. + SANTA CLARA, FRESNO, STOCKTON, CALIF. 


‘ 925 Tuttle Street 
STEEL RESERVOIRS (26) ew Curtis Bay 323 Railway Exchange Bidg. 
NEW YORK (17) _...... Suits 2721, 200 E. 42nd St. DALLAS (1) Suite 1729, Southland Center 
NEWARK (2) , «..744 Broad St. SEATTLE (1) ....... Salte 332, 500 Wall St. 
CHICAGO (3) .... 628 First National Bank Bidg. SANTA CLARA, CALIF. 
ATLANTA (5) _..,.361 E. Paces Ferry Rd., NE. EL MONTE, CALIF. 
@) PROVO, UTAH 
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Sales Offices 


WHAT'S 
INSIDE? 
A 

BIG 
PLUS 


Smith Fire Hydrants are easy to 
operate, inexpensive to maintain 
and most dependable in meeting 
severe climate and operating con- 
ditions. In addition to maximum 
flow and simplicity of design, 
Smith Hydrants now have two ad- 
ditional features of major impor- 
tance: (1) Automatic lubrication 
— chamber sealed with “O” Rings 
contains a permanent type lubri- 
cant — temperature range-30° to 
200°F. Each time the hydrant is 
operated, the threads and bearing 
surfaces are automatically lubri- 
cated. (2) “O” Ring Seals — the 
lower “O” Ring seals the internal 
pressure, the upper “O” Ring is a 
combined external dirt and mois- 
ture seal. This construction elim- 
inates the conventional stuffing box 
and packing gland adjustments. 


‘THE A.P. SMITH MFG. CO. 


EAST ORANGE JERSEY 
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The transistorized "MASTER" Leak Detector—Pipe Finder Combination is the first dual 
Purpose instrument with sepor and independ leak detector and pipe finder 
circuits. Now you can have two instruments in one without any compromise in per- 
formance. The “MASTER” Leak Detector—Pipe Finder incorporates the very !ciest 
advances in electronic construction and circuitry in addition to having an exception- 
ally long battery life. An ideal instrument for any Water Department. 


Finding a leak Locating a leak Location of Locating o 
under pavement at the valve dead ends service 


Write for information, demonstration or trial. 


PIPE LINE EQUIPMENT 
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Place your next order with POLLARD 


it's from POLLARD. . . It's the Best in Pipe Line Equipment 


POLLARD sew NEW vorRK 
964 Peoples Gas Buildin Chicago, 


PIPE LINE EQUIPMENT 


_Leak Survey Instrument and Pipe Locator 
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With Rockwell Sealed Reg- 
ister meters you will never 
again need to service worn or 
leaky stuffing boxes—for there 
are none: A simple, powerful 
magnetic coupling transmits 
every motion of the measuring 
chamber direct to the register 
without a mechanical coupling 
or scal. 

affing box maintenance is 
only one way you'll save with 
these revolutionary meters. 
You’ll gain substantially 
through a construction in 
which only two moving parts 
operate in water—all others 


Why this “magnetic” meter 
has no troublesome stuffing box 


run snug, dry and lubricated 
for life in a hermetically sealed 
register housing. 

Too, the sealed register con- 
struction assures that conden- 
sation or dirt can never collect 
underneath the glass to make 
meter reading difficult. And 
you can even run this meter 
under water without harm. 

The cost for all this? No 
more than you pay for ordi- 
nary meters—less in fact than 
for meters fitted with special 
type registers. Get facts today, 
write Rockwell Manufacturing 
Company, Pittsburgh 8, Pa. 


SEALED REGISTER METERS 


ROGKWELL®@ 


POWERFUL MAGNETIC DRIVE 


Illustrating how the driver magnet 
(held in hand) revolves around a 
watertight compartment at base of 
register to push the follower mag- 
net, which in turn drives the regis- 
ter shaft. 
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Warren Foundry & Pipe Division 


of 
SHAHMOON INDUSTRIES, INC. 


Manufacturers of 


CAST IRON PIPE & FITTINGS 


Made in Accordance with Latest Specifications 


Including TYTON Joints 
Either Cement Lined or Tar Coated 


Pipe Made in Everett — Centrifugally Cast in Sand Lined 
Molds in 16’ L/L 


Pipe Made in Phillipsburg — Centrifugally Cast in Metal 
Molds in 18’ L/L 


PROMPT DELIVERIES 


SALES OFFICES PLANTS 


75 Federal St., Boston, Mass. Everett, Mass. 
Tel. Liberty 2-7979 Phillipsburg, N. J. 

55 Liberty St., New York City Ore Mines — Crushed Stone at 
Tel. Worth 4-7993 Dover, N. J. 
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a cinch to 


Tyton Joint® pipe is almost as easy to install as our 
hillbilly friend indicates. Only one accessory needed 
...aspecially designed rubber gasket that fits 

into the bell of the receiving pipe. A push or two 

and the connecting pipe compresses the 

gasket . . . seals the joint bottle-tight and permanently. 


No bell holes. No waiting for weather. Tyton Joint pipe 
can be laid in rain or wet trench. It's so simple, in 
fact, even an inexperienced crew quickly becomes expert. 


“WAKE UP, PAW...ALL WE NEED FROM YOU IS 
A LITTLE PUSH WITH YORE FEET!” 


PIPE FOR WATER, SEWERAGE AND 
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install! ~TYTON 


ONLY FOUR SIMPLE ACTIONS 


You'll be hearing more about this ingenious new ae 
Tyton Joint. Why not get the facts firsthand . . . and now? a Bc 


Write or call. We'll be glad to give them to you. 


U.S. PIPE AND FOUNDRY COMPANY 
General Otfice: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES _ Insert gasket with groove over bead in gashet seat 
AND BLAST FURNACES TO FINISHED PIPE f 


Wipe a film of special lubricant ever inside of gasket 


, insert plain end of pipe until it contacts gasket 


\. 


INDUSTRIAL sERvVice 


Force plain end te bottom of socket . . . the job's dene! 
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1, proved the advantages of 
THE NEW EDDY BREAK-FLANGE HYDRANT 


e Clean breaking action of the new EDDY break-flange hydrant is 
clearly demonstrated in this film strip of a test made recently for Mr. 
Herbert Campbell, Town Engineer, Wayne, New Jersey. Just as it was 
designed to do, the hydrant broke off at the break-flange and the coupling 
sheared at the weak point. 

Mr. Campbell was so impressed that he changed the specifications on 
the spot... wrote new specifications around the EDDY Hydrant. Another 
EDDY feature which appeals to economy-minded waterworks officials 
is that these hydrants, with the break-flange feature, are the same as 
standard EDDY models in all other respects. Working parts are inter- 
changeable and no separate inventory of repair parts is required. 


We'll be glad to help you arrange a similar demonstration. 
It pays to standardize on EDDY hydrants and valves. 


H. R. Prescott & Sons, Inc. 


NEW ENGLAND SALES AGENTS 
Box 7 — Greendale Sta. 
WORCESTER 6, MASSACHUSETTS 
Tel. West Boylston TE 5-1431 
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Lots of jobs are done better automatically. 


Changing chlorine feed rate is now one of 
them. With the V-notch...the straight line 
nole metering action of the plug through the ring 


makes automation simple. 


Merely by adding, not adapting, a W&T 
V-notch Chlorinator can give you any degree 
of automatic control you want—step rate, 

oe start-stop, program, proportional, even 

Oud residual control. 

With a V-notch Chlorinator any signal from 

jor any primary metering device can control 


chlorine feed. So anyone can afford 
automation. 


And, of course, the right plastics make the 
whole chlorinator chlorine-proof. 


PROPELLER 


A booklet, “The 
V-notch Story” 
will tell you about 
all the W&T V- 
notch Chlorinator 
features. For your 
copy write Dept. 
S-136.63. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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Every TRIDENT 


Trident water meters are precision instruments . . . every 
part made to extremely close tolerances . . . every ma- 
terial carefully selected and tested to give longest life 
in your water system. 


Most important, every improvement made in new 
Trident meters immediately becomes available in re- 
pair parts for your older meters. You re-order only the 
latest parts. As you replace worn, out-dated parts over 
the years, your Tridents are automatically modernized. 


To protect you from substitutes . . . and to make 
sure you're getting the benefits of Neptune progress. . . 
the Trident trademark is put on most all Trident parts » 
... and the date is put on every major Trident part. Take @ 
a look at these date marks. They show you how well 
Tridents last. They also show you how your older 
meters have been kept up to date over the 
years with improved Trident repair parts. 


Insist on genuine Trident parts . . . and check to be 
certain. 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y. 


neplune 
WATER 
ETERS 


NEPTUNE METERS, LTO. 
1430 Lokeshore Rd. + Toronto 14, Ont. 


Bronch Offices in Principal American and Canodion Cities. 
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METERS 
FEEDERS 
POSITIVE CONTROL OF MATERIALS IN morson 


SINGLE 
RESPONSIBILITY 
FOR POSITIVE 
CONTROL 
MATERIALS 

MOTION 


Complete Line of Primary Metering Elements: Venturi 
METERS AND Tubes and Nozzles; Dall Flow Tubes; Telemeters for 
INSTRUMENTATION Flow, Pressure, Temperature, Level, Position and 
Electrical Quantities; Velocity-type Meters. 


Wide Range of Volumetric and Belt Gravimetric Feeders 
aan for Dry Materials and Liquids; Belt Weighers; 
Chlorine Gas Feeders. 


Butterfly Valves and Operators for Low and 
High Pressure Applications. 


Supervisory Control Systems; Filters & Filter Control 
SYSTEMS Systems; Volumetric and Gravimetric Systems for 
Automatic Blending, Feeding, Treating, Sampling. 


VALVES 


Industries 


BUILDERS-PROVIDENCE PROPORTIONEERS 


OMEGA 
METERS ¢ FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Single Responsibility for a system means time savings in coordi- 
nation; compatible components, peak performance, maximum 
reliability and minimum initial and long term costs. B-I-F 
INDUSTRIES, INC., 366 Harris Ave., Providence 1, R. I. 


HOME OFFICE: DISTRICT OFFICE: 


B-i-F Industries, Inc. 9 School St. 
345 Harris Ave. Islington, Mass. 
Providence 1, R. I. Tel.: DAvis 6-5690 


Tel.: GAspee 1-4302 Mgr. R. F. Kelsey 
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_“not of maintenance. . . 


NATGUN 


100% MAINTENANCE-FREE 


PRESTRESSED 
TANKS 


“Our 1,500,000 gal. standpipe proved 


@ NO RUSTING to us that NATGUN Prestressed Tanks 

are truly maintenance-free. Not 1¢ has 

@ NO PAINTING been spent on this tank since it was built 
in 1936. 

@ NO DANGEROUS AND “Accordingly, in taking bids for New 

TROUBLESOME SHUT- Britain’s new 4,000,000 gal. reservoir, 

DOWNS consideration was given to Prestressed 


Tanks ONLY. 
“Now our two NATGUN Tanks stand 


The story of how composite, side by side — a testimonial to trouble- 
wire-wound prestressed lig- free service.” 
uid storage tanks can effect 
substantial savi } 
stantial savings for you is GEORGE WOOD 


worth knowing. For full in- 
formation, write to NATGUN. 


Chief Engineer 
Board of Water Gommissioners 
New Britain, Conn. 


PRESTRESSED TANKS COST ONLY ONCE 


NATGUN CORPORATION 


101 WEST DEDHAM STREET, BOSTON 18, MASS. 
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Exclusive dovetail thrust roller insert 


cuts wear and noise at the water level 


It’s standard on all Badger 
meters. This dovetail thrust 
roller insert fits vertically into 
the thrust roller slot to form a 
smooth track on which the roller 
rides countless times — quietly 
and without wear. With this slot 
now 77% shorter, original cham- 
ber strength is retained and dis- 
tortion eliminated. 

Accurate registration is con- 
stant because the nutating disc 
never shifts position. And re- 


placement is a mere matter of 
changing the insert, not the en- 
tire chamber. 

The thrust roller insert is just 
one of many refinements to. 
emerge from Badger’s concentra- 
tion on meter research and de- 
velopment. See your Badger rep- 
resentative for details. Ask him, 
too, about the Read-o-Matic. 
Proof that answers for better 
water metering come first from 
Badger. 


Badger Water Meters 


BADGER METER MFG. CO. « 4545 W. Brown Deer Rd. 
Milwaukee 23, Wisconsin ¢« Offices in Principal Cities 
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MERCER MARINE 


SUBAQUEOUS ENGINEERING 
AND CONTRACTING 


Underwater Surveys and 
Estimating 


12 Nutter Road 
No. Reading, Mass. 
Tel. No. Reading 4-210! 
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New ENGLAND WaTER Works ASSOCIATION 
ORGANIZED 1882 


Marcu, 1960 


MODERN TRENDS IN SEA-WATER CONVERSION 
BY JOHN J. CAMPOBASSO* 


[Read March 19, 1959.] 


It may seem strange and untimely to most of this audience 
that a paper on Sea-Water Conversion be presented to the New 
England Water Works Association, especially so at this recurring 
flood season, when our local problem seems to be one of the 
proper control, storage and distribution of our over-abundant 
supply of fresh water. Fresh water supplies are not so plentiful 
in other areas of the world. A glance at world maps reveals 
that a large portion of the arid lands and a great percentage of 
the earth’s urban population are located within 100 miles of the 
sea. In this country, we have 22 coastal states that contain ap- 
proximately 65% of our industry and 55% of our population. 
Yet some of these areas are faced with drastic fresh-water 
shortages. It seems, therefore, that the earth’s populatien could 
more likely be limited by its water supply than by its food sup- 
ply. Since the solution of this problem, in its broader aspects, 
is a major challenge to engineers and water-works men every- 
where, it becomes of especial interest in this area with its 
concentration of engineering and technical skills. 

The oceans of the earth contain approximately 500,000,000 
cubic miles of water. The two main reasons why this vast 
reservoir has not been more widely used as a source of fresh 
water have been the lack of economic incentive and the inherent 
technical problem of separating those components of a salt-water 
solution that have a great affinity for the solution. As man’s 
activities extend and expand into areas where sea water is the 
only available source of water the need for an economical sea- 
water conversion process becomes acute. There are now over 
twenty countries of the world participating in active research 


*Manager, Evaporator Division, Badger Manufacturing Co., 230 Bent St., Cambridge 41, Mass. 
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work in the sea-water conversion field. Many processes and 
phenomena are under investigation by these engineering and 
research organizations, some of the most important of which 
are outlined in Table 1. 

Progress is being reported all along the line with Distillation, 
Freezing and Electrodialysis leading the way. As evidenced by 
the number of large sea-water plants presently in operation, 
all employing some form of distillation, it appears that process 
has made the most significant advance. Distilling plants having 
a total capacity of 5 mgd are now in operation in Kuwait on the 
Persian Gulf. Distilling plants with an output of 3 mgd have 
been installed at Aruba. All major ships of the U. S. Navy have 
distilling plants with capacities ranging from 1 to 4 thousand 
gallons per day on submarines and up to 200,000 gallons per 
day on the Forrestal Class aircraft carriers. 

Time will not permit a detailed examination and discussion 
of all processes known to be promising. I should like to go into 
some detail on two of the distillation methods that we have been 
working with for the past 19 years, namely the vapor compression 
and the flash type. 

The distillation process applied to converting sea water to 
potable water consists of evaporating a part of the sea water and 
condensation of the salt-free vapor. The products from this 
process are pure water, called the distillate, and concentrated 
salt solution, or residue. In this process the water is removed 
from the salts rather than salts from water. 

The vapor-compression plant, by utilizing the “heat pump” 
principle of recycling the latent heat of evaporation, eliminates 
the use of direct-fired equipment, as well as the need for large 
volumes of condensing water required by other types of 
distilling plants. This type also shows a startling fuel economy 
when compared with single- and multiple-effect evaporators. 

The heat cycle involved is illustrated in the flow diagram 
shown in Figure 1. The vapor-compression distiller consists 
of four main pieces of equipment: (1) power unit, (2) a vapor 
compressor, (3) an evaporator and (4) heat exchangers. When 
the sea water inside the tubes of the evaporator reaches its 
boiling point, the vapor produced passes to the compressor, where 
it is compressed and its “heat gradient” raised sufficiently to 


: 
2 
: 
Bee 
we 
i 
+ 
: 


ACI Tank 


SECTIONA~-A 


Lea SECTIONC-C 
SECTION B-B8 TYPICAL LONGITUDINAL ELEVATION OF HEAT EXCH, 


Fic. 1. 


wares 
OVERFLOW FEED Pum 
" 
Oooo 
| 
ie OID BY-PASS VALVE fie 
r nose — FLO-CONTROL 
" CONDENSATE 
StAvereR “| 
STRAINER : 
r 
vt 
Aa 

\, 
on ! 

! 


aa 
— 

=== 

NOTE 


ALL. EQUIPMENT @ PIPING SHOWN SOLID 

FURNISHED BY BADGER MFG CO ALL 

EQUIPMENT PIPING SHOWN DOTTED 

FURWISHED BY OTHERS 

ALL PUMPS FURMISHED BY OTHERS 

FOR ELECTR, EQUIPMENT SEE 

ALL PIPE INGULATION FURNIGHED BY 


LEGEND OF VALVES: 


(0) ruven ass 


FRTER Gr Pass 
COMBEMSATE OFSCHARGE 


OvERP LOW DBC MARGE 


‘vi ) FLOW CONTROL VALVE 


mass wave 


ser FIED wave 


(3) soLemono By PASS wave 

(ee) De FLLER 
“STOP WAVES: 

(va) pass 


(ve) pass 


OVERFLOW To ACIO TANK 
(ve) compensate TO ACID TANK 
(va) TANK FEED OUTLET 
(vit) FEED 

(ve) FEED Pune 
(ve) SEA WATER SUPPLY 


wh Seri 


TeST Tamas 
TO THE SYSTER. 


TEST 


PLUS 


EXCHANGER TYPE AA TYPE AAA 


¢ GREEN — SEA WATER FEED 
@ REO — BRINE OVERFLOW 
ae BLUE = 

ati YELLOW — VENTS @ ORAINS 
oS) ORANGE — STEAM (COMPRESSED) 


COLOR LEGEND 


CONDENSATE OR FRESH WATER 


+4 \ 
COMPRESSOR 
\ 
|| J} ev-pass wuve(@) 
WOMETER Pc V 
i4 
& 
= 
HEATERS 
| 
| TEST Tamm | TEST 
wt vo suse 
HFEF 
4 
—- 
i 
fj 
| OWG.NO. 5i. 461 


syuasind 
UOISNYIp 


Ayyiqndaosns 


uondsospy 
pouuajog sumuvass 
saduaiayip 
DUIMOUIY PUD uoNsnqwiod 
wvays payeaysadns 
sadtAap ainssaid peonuy 
“VY uoneiodraa 
pue sip uorssaidwos uoneurqwo,) 
uoreiodead adAj-yseyy 


(panutjuo)) Puamouryd Sassad0dg DUIMLOUIY PUD Sassar0d4g 


a 
a 
5 
Zz 
= 


PUD 


VNAaWONIHY GNV NOLLVAVdSS TWILNSLOG— | 


— 
> 
A 
| 
| 
a | 
| 
| 
ie y 
: | 
| 
| 
| 
amy 


MODERN TRENDS IN SEA-WATER CONVERSION 


allow it to flow back to the same evaporator, this time on the 
condensing surfaces (outside of the tubes). Thus every pound 
of steam produced by the evaporator is returned as the heating 
medium for the same evaporator. This steam is condensed and 
withdrawn as distillate. 


Fic. 2—Vapor-Compression Unit, ELectric-Driven, 400 GALLONs PER Hour 
(Badger Manufacturing Co.) 
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The distillate is pumped through a system of heat exchangers 
where is helps heat up the incoming cold sea-water feed. The 
residue or concentrated brine is continuously drawn off and also 
passes through heat exchangers, adding more heat to the sea- 
water feed. 

Thousands of standard vapor-compression units are in use 
today, both on shipboard and in land-based installations. Figures 
2 and 3 show two typical, vapor-compression, sea-water distilling 


Fic. 3—Vapor-Compression Distittinc UNIT, ELectric-Driven, 100 GALLons PER Hovr, 
Mover SUY-2 (Badger Manufacturing Co.) 
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Fic. 4—REeEcIRCULATION PLANT 
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As is true with all types of evaporating equipment, scale 
forms on the heating surfaces and must be removed or prevented. 
With sea water boiling at atmospheric pressure, the scale formed 
is mostly magnesium hydroxide, and this is readily removed by 
recirculating an acid solution through the equipment at regular 
intervals. 

Several important studies are currently under way, aimed 
at developing operating techniques which will retard or prevent 
scale formation. These are (1) low-temperature operation, (2) 
forced recirculation of brine, (3) pH control and (4) rotating- 
disc-(Hickman) type evaporators. These methods of scale 
control, while not perfected at present, are nonetheless sufficiently 
developed to be in use either singly or in combination, and the 
results indicate that scale-free operation is not an impossibility. 

A recent development, aimed at achieving greater fuel 
economy and scale-free operation, is the forced-recirculation- 
type vapor-compression plant. In this type the evaporation takes 
place under partial vacuum and at a temperature of approximately 
150° F. The concentrated brine is recirculated through the tubes 
of a reboiler at velocities of 10-15 ft per sec. The liquid in the 
tubes is suppressed so that no boiling takes place in them. The 
evaporation takes place in a flash chamber. The rest of the ap- 
paratus is typical, as seen in Fig. 4, showing a 4,000-gpd pilot 
plant under test. 

Another important distilling plant widely used today is the 
multi-stage flash type. While the principle is not new, the 
application to the converting of sea water in several stages and 
at low temperatures is a recent development. As illustrated 
in Fig. 5, the flash plant works on a temperature-difference 
principle. 

This type of distilling plant consists of a multi-stage flash- 
type evaporator, complete with flash chambers (D and E), vapor 
separators (G), stage condensers (H), liquid pumps, vacuum 
pumps, heat exchangers (C), interconnecting piping, and control 
instruments and gauges. 

This distilling plant is of the once-through, regenerative- 
cycle type. The flow through the plant is as follows: 


For simplification a two-stage plant is illustrated. Four, 
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five and six-stage units use identical flow and principle of 
operation. 

Cold sea water is introduced into the second-stage con- 
denser (A) and then passes to the first-stage condenser (B) in 
series. The cold sea water is thus partially heated and then flows 
to the sea-water heat exchanger, where it is further heated to 
the desired temperature (about 175° F). The heat source can 
be low-pressure steam, waste heat from engine jackets, or any 
other available source of heat. 

The heated sea water is now returned to the distiller first- 
stage flash chamber (D). A portion of the heated sea water is 
flashed in vapor, under partial vacuum. The remainder passes 
to the second-stage flash chamber (E), where still more is flashed 
into vapor. In like manner the remainder could be passed on 
into the 3rd- and 4th-stage flash chambers, etc., for successive 
flashing. The unflashed residue is pumped from the last stage 
to waste. 

The vapor formed in each stage passes up through vapor 
separators, where any liquid entrainment is removed. The 
vapor then flows to the stage condensers, where it is condensed 
to form the condensate (fresh water). The condensate or fresh 
water is then pumped to storage tanks. The whole system is kept 
under partial vacuum with use of a mechanical vacuum pump 
or steam-ejector type. 

Thus we have seen how the vapor-compression plant oper- 
ates at the higher-temperature end of a given heat cycle, while 
the flash plant is more suited for the low-temperature end. The 
next step then is to use both types in series combination, as 
shown in Fig. 6, illustrating the flow through a proposed 1-mgd 
plant. 

It is my prediction that sea-water conversion plants of this 
type, having an output of a million gallons per day or more, will 
be in operation in this country with the next few years. 

This leads to the next and most important problem: the 
question of cost. What will potable water produced from sea 
water cost? I want to make it clear at this time that any cost 
figures given here are production costs only that is, the actual 
cost of converted sea water at the fresh-water outlet of the 
plant. These figures do not include distribution costs. They 
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do include amortization of the initial costs of the conversion 
plant, operating labor, fuel, and maintenance and supplies. 

There have been many press releases recently, quoting 
estimated costs at anywhere from $5.00 per 1,000 gal down to 
as low as 20 cents per 1,000 gal. I am sure that everyone familiar 
with the selling price of water in our local communities must 
readily recognize that a cost of 20 cents per 1,000 gal (approxi- 
mately 16 cents per 100 cu ft) is unrealistic. 

Our experience with vapor-compression distilling plants 
shows costs of production as set forth on Fig. 7. 

As the individual conversion plants grow larger and are used 
in combination, as discussed earlier, we can see what can happen 
to this curve. Most authorities now agree that 50 cents per 1,000 
gal should be our goal. If I am permitted another prediction, I 
feel that this can be achieved in the next decade. 

This may not be competitive in price with fresh-water sup- 
plies in many areas today. On the other hand, 50 cents or even 
$5.00 per thousand gallons is not unreasonable at the right 
time and place, if we bear in mind the words of Benjamin Frank- 
lin, who said, “When the well is dry, we know the worth of 
water.” 

The roster of private and public organizations engaged in 
sea-water-conversion research and development includes many 
leading industrial concerns, educational institutions, Federal 
and State government agencies, and private research companies. 

Of especial note at this time is the program under way in 
the Office of Saline Water of the U. S. Department of Interior. 
This organization is in the middle of a most comprehensive 
research program, covering most sea-water and brackish-water 
conversion processes. The last Congress authorized an extensive 
demonstration-plant program, to complement the present re- 
search and development program. The demonstration-plant 
program is intended to test several of the conversion processes 
that have shown the most promise. Five such plants have been 
authorized, three for sea water and two for brackish water. Two 
of the sea-water plants are to have an output of not less than 
1 mgd each. One of the two brackish-water plants will have a 
capacity of not less than 250,000 gpd. The sea-water plants are 
to be located on the West Coast, Gulf Coast and East Coast, 
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while one brackish-water plant is scheduled to be located in the 
Southwest and the other to be located in the Northern Great 
Plains. Engineering work on the first sea-water plant is 
expected to start possibly in 1960. 
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A HISTORY OF THE PROVIDENCE WATER WORKS 
AND ITS TREATMENT METHODS 


BY JOHN J. COLLINS* 
[Read April 16, 1959.) 


The early residents of Providence obtained their water supply 
from wells and springs; although, prior to the introduction of 
the Pawtuxet River supply at Pettaconsett in 1871 there were 
several small community supplies, some of which had been in 
use for many years. Reminders of these early water works, in 
the form of wooden pipes, are still found occasionally in street 
excavations. 

Construction of the Pawtuxet River supply at Pettaconsett 
was' started in the spring of 1870, and the first service pipe was 
opened on December 1, 1871. Prior to 1906 water was taken 
directly from the river without any purification whatsoever, and 
the old distribution reservoirs were of the open type. Slow sand 
filtration was adopted in 1906, followed by chlorination in 1917 
and treatment with lime in 1920. 

With the growth of Providence and the extension of the 
system in nearby communities, the consumption during extremely 
dry weather exceeded the natural flow of the river, and the defi- 
ciency was made up from water stored in reservoirs owned and 
controlled by mills farther up the river. Moreover, from a sani- 
tary standpoint, the quality of the river water was becoming 
seriously impaired as a result of the river’s passing through a 
dozen mill villages, containing 18 mills and a population of more 
than 30,000 and no provisions for treating human or mill wastes. 

The menace of a possible shortage of water led to the ap- 
pointment by the City Council in January, 1913, of a committee 
to investigate the possibility of developing an increased water 
supply. As a result of this committee’s work, legislation was 
enacted under which the Scituate supply was built. Water from 
this supply was delivered into the system for the first time on 
September 30, 1926. The entire project was completed in 1929 
at a cost of $21,000,000. 


*Superintendent of Filtration, Water Supply Board, Providence, R. I. 
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The supply is derived from a watershed of 92.8 sq mi on the 
north branch of the Pawtuxet River. Surface water from the 
watershed is eventually collected in our main reservoir, known 
as Scituate Reservoir, and five small reservoirs, all tributary to 
the main body. The available capacity of the Scituate Reser- 
voir, 36,611 mil gal, together with the 3,135-mil gal available 
capacity of the five small reservoirs, provides a total of 39,746 
mil gal. 

Water flows by gravity from the gate house at Gainer Me- 
morial Dam through two 60-inch steel pipes and a section of 
concrete pipe 90 in. in diameter to the influent chamber at the 
Purification Works. From the beginning of operations in 1926 
through August 8, 1931, treatment consisted of influent aeration, 
provided by the gravity head of water in the reservoir, followed 
by addition of alum, mixing in a tangential mixer 35 ft in di- 
ameter and 30 ft deep, flow through two series-operated coag- 
ulation and sedimentation basins, rapid sand filtration, effluent 
aeration, and treatment with hydrated lime prior to entering the 
gravity aqueduct, leading to the distribution system. 

The ten filters each contained a 30-inch depth of sand, 
having an effective size of 0.37 mm and a uniformity coefficient 
of 1.46, supported by 18 in. of gravel, ranging in size from 2 in. 
down to 1/12 inch. They were operated at 4.4 mgd each, equiva- 
lent to a rate of 1.76 gal per min per sq ft, and were washed 
when the loss of head reached approximately 7 ft. 

During the years of alum treatment there were marked 
variations in the characteristics of the plant effluent; pH varied 
from 5.9 to 10.2, color from 0 to 30 ppm, iron from 0.00 to 2.00 
ppm, and manganese from 0.03 to 0.35 ppm. Because of numer- 
ous complaints, due to precipitation of iron and manganese in 
the distribution system, a change to copperas-lime treatment was 
made on August 9, 1931. This was later modified by chlorination 
of the copperas, to provide a ferric iron coagulant. Chlorinated 
copperas and lime was replaced by ferric sulphate and lime from 
June 23, 1933, to July 26, 1936, followed by liquid ferric chloride 
and lime from July 27, 1936, to July 24, 1946. A return to the 
ferric sulphate-lime treatment was made on July 25, 1946, and 
this treatment has remained in effect since that time. 

Since the adoption of iron-lime treatment the coagulant has 
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been added prior to influent aeration, the lime being added after 
aeration and before mixing. Coagulation has been carried out at 
a pH of 9.5 to 10.3 and has resulted in the production of a very 
stable effluent water. Since use of a manufactured ferric iron 
coagulant began on June 23, 1933, the effluent color has varied 
from 2 to 15 ppm with an average of 6. Iron has ranged between 
0.00 and 0.25 ppm with an average of 0.01, and manganese from 
0.00 to 0.08 ppm with an average of 0.00. The tap-water color 
has varied from 2 to 15 ppm with an average of 6, while the iron 
content has ranged between 0.00 and 0.30 ppm, with an average 
of 0.02. Manganese has been between 0.00 and 0.10 ppm with 
an average of 0.00. The striking similarity of effluent and tap- 
water characteristics, together with the removal of iron and 
manganese, has proved the efficiency of the ferric iron and lime 
treatment for this supply. 

Out of abundant caution, chlorination of the effluent water 
has been practiced continuously since December, 1941. Prior to 
that time chlorine treatment was used for the most part for 
experimental purposes or during times of construction. 

In the original design of the Purification Works, the site 
selected for the location of the coagulation basins was formerly 
marsh land. The slopes of these two huge basins were heavily 
riprapped as a protection against wave action. As a result of 
our treatment process, several thousand cubic feet of sludge 
were deposited annually in the bottom of the basins. In order 
to remove this material, the basins had to be taken out of 
service and completely drained, after which the labor crews 
would attempt to remove the sludge with hose lines and brooms. 
This cleaning process was never complete or satisfactory. Sludge 
would deposit in mud pockets and between the riprap, forming 
a natural cyst for bacterial growth. On numerous occasions 
the raw water entering the plant would contain a 20° C bacteria 
count of only 35 per cc, but after passing through the basins 
it would increase to 3,000 per cc. 

Between 1938 and 1940, under a grant from the Public 
Works Administration, extensions and improvements were com- 
pleted at the Purification Works. Work performed under this 
program consisted of lining the slopes and bottoms of the basins 
with a concrete mat, with facilities for removing the sludge 
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deposits through a series of drain channels. Additional work 
included the installation of four new filters, electrification of all 
valves and filter-control mechanism, a central control board for 
operating the entire plant, a pneumatic materials-handling sys- 
tem, new lime feeders and slakers, and new chlorinating equip- 
ment. 

The concrete-lined basins eliminated the previous undesir- 
able conditions and have enabled us to perform cleaning opera- 
tions rapidly and completely. When our schedule calls for 
cleaning a basin, the motor-operated drain gates are opened 
from push-button stations, located on the central control board. 
After the basin has been drained of water and a large amount 
of the sludge, jeeps equipped with wooden plows are used to push 
the remaining sludge from the flat sections of the bottom into 
troughs, leading to the drain chamber. Water under high pres- 
sure from hydrants located around the periphery of the basin is 
used to flush the slopes and bottom completely clean. 

The four additional filters proved to be a real asset to the 
plant, as the peak demands on the system for four years prior 
to their installation required the operation of all ten filters, with 
no spare capacity whatsoever. During the dry summer months 
of 1939 the maximum demand on numerous occasions exceeded 
the entire plant output, forcing us to depend on reduced load 
requirements over the weekend, to establish normal operating 
levels in our distribution reservoirs. The new units, similar 
in design to the original ten, increased the operating capacity of 
the plant from 44 to 61.6 mgd. 

Complete electrical operation of the Purification Plant has 
provided greater dependability and efficiency than existed under 
the former hydraulic operation. A 17-section control board 
centralizes the operation of the entire plant. The board is 
located in the effluent gallery and replaced numerous individual 
hydraulic tables, formerly located in the filter and effluent 
galleries. 

The entire cost of completing these extensions and im- 
provements between 1938 and 1940 totalled $1,131,000. The 
Public Works Administration contributed $509,000, which left 
a direct cost to the Water Department of $622,000. 

Insufficient bin storage for treatment chemicals had been 
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a problem from shortly after the start of plant operations in 1926 
and had grown progressively worse as demands on the treat- 
ment works increased. Two separate storage silos for ferric 
sulphate and quicklime were constructed to remedy this situa- 
tion. They were completed and placed in operation in 1950. Each 
silo is of glazed segment tile masonry and has an inside diameter 
of 16 ft, a height of 55 ft and a capacity for 180 tons of material; 
which, in addition to the storage provided in feeding hoppers in 
the Purification Works Head House, assures a maximum of more 
than 100 average days’ supply. Handling of the chemicals, from 
railroad cars to a special truck, and then to the silos and feeding 
hoppers is done pneumatically. 

This increased storage has permitted us to absorb delays 
in shipment occasioned by manufacturing shutdowns, strikes, 
rail embargoes, etc., and has provided a means whereby we 
can refuse acceptance of material not meeting the specification 
requirements. 

On November 2, 1950, resolutions were presented to the 
City Council, providing for fluoridation of the water supply. 
After numerous conferences with officials and health department 
officers of cities and towns served by the supply, officials and 
representatives of the Rhode Island Medical Society, the Provi- 
dence District Dental Society, and the State Division of Sanitary 
Engineering, and others, the Public Welfare Committee on July 
5, 1951, recommended to the City Council the adoption of the 
resolutions, and the Council took favorable action. This reso- 
lution, number 552, was approved on July 9, 1951. Subsequently, 
the cities of Cranston and Warwick and the towns of North 
Providence, Johnston and Smithfield approved fluoridation by 
August 20, 1951. 

After numerous investigations were made as to the proper 
and recognized safe methods for handling and feeding fluoride 
compounds, five separate contracts were awarded covering a 
Fluoridizer, pneumatic conveying system, piping, electrical work, 
and fork-lift truck. The installation of the feeding and conveying 
equipment was done by the department’s maintenance force, 
and the total amount of contracts awarded for equipment was 
$20,000. 

On August 14, 1952, a test run of the completed installation 
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was made in the presence of the President of the Rhode Island 
Dental Society, the State Public Health Dentist, and members 
of the press, which satisfactorily demonstrated all operations of 
the fluoride handling and treatment process. On September 2, 
1952, the system was placed in continuous operation. 

The source of the fluoride ion from the start of operations 
to the present has been sodium silicofluoride. It is added to the 
plant effluent in amounts sufficient to produce a concentration 
of fluoride ion throughout the distribution system of 1.2 ppm 
from October 1 to May 31 and 1.0 ppm from June 1 to 
September 30. With respect to fluoridation, the Providence Water 
Supply Board acts solely as the agent of the State Health 
Department in carrying out their directives relative to the 
chemical used, the applied dosage, and the type of feeding 
equipment. 

A special pneumatic conveying system transfers the chemical 
from 400-pound drums to a storage collector supplying the Fluor- 
idizer hopper. The Fluoridizer is a loss-in-weight gravimetric 
feeder, equipped with a non-flooding gate to prevent any possible 
overtreatment. The feeder is operated automatically by an 
electric signalling device to provide a quantity proportional to the 
rate of flow of plant effluent. 

Constantly increasing demands following the addition of 
four filters in 1940 made it imperative that studies be made 
relative to again increasing the plant capacity. Accordingly, a 
research program was started in 1948, consisting of filtration 
experiments. Twelve glass-tube filters, containing various sizes 
and depths of sand supported by graded layers of gravel, were 
supplied with water to be filtered from the coagulated-water 
conduit. Each experimental filter was equipped with all neces- 
sary valves in addition to manometers and rate controllers. 
Filtration was carried out at rates from 1.75 up to 3.50 gal 
per min per sq ft, samples of the effluents being obtained for 
chemical, sanitary chemical, and bacteriological determinations 
at the start of each run and again at 2, 4, 6 and 8 ft loss of 
head. Loss of head and penetration readings were taken every 
two hours until the loss reached 8 ft, at which time the particular 
unit showing that loss was backwashed and placed in operation 
at a new rate of filtration. 
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The studies indicated that sand with an effective size of 
0.65 mm and a depth of bed totalling 24 in. would permit in- 
creasing the existing 1.76 gal rate to over 3.00 gal per min per 
sq ft, consistent with long filter runs and an excellent quality 
of water. The experiment was transferred from the laboratory 
to a plant basis when filter number 2 was rebuilt to conform 
to the above characteristics and placed into service in August, 
1950. 

During the next three and a half years filter number 2 was 
compared with filters 1 to 9, having sand of 0.40 mm and filters 
11 to 14, having sand of 0.46 mm effective size. Samples of the 
filter effluents were obtained for chemical, sanitary chemical 
and bacteriological examinations at the start of each run, each 
morning after, and upon completion of a run. In addition 
to the sampling program, glass cartridge filters containing ab- 
sorbent cotton were placed on the filter effluents, to observe 
whether any coagulated material was passing through the sand. 
It was at times necessary to remove filter number 2 from 
service for backwashing before completion of a run. Due to 
the coarseness of the sand in this filter, undesirable amounts of 
iron were passing through during the winter season whenever 
the loss of head reached 4% to 5 ft. 

From all experimental data, which began in 1948, and the 
plant-scale observations, it was concluded that higher rates of 
filtration, up to 3.50 gal per min per sq ft, could be used satis- 
factorily without impairing the high quality of the plant effluent, 
by limiting the maximum effective size of sand to 0.55 mm. 
Fortunately, these conclusions were reached at a time when the 
increasing demand during the summer months was accelerating 
to the point where maximum plant capacity would have to be 
increased to meet the loads without further delay. This was 
evidenced by the fact that during the summer of 1953 it was 
necessary to operate the plant on 89 days at effluent rates far 
in excess of the normal 61.6-mgd capacity. 

Consequently, a contract was entered into in the amount 
of $95,327 to rebuild the necessary filters and metering facilities. 
Work under the contract began on January 19, 1954, and pro- 
gressed satisfactorily to completion on June 26, 1954. It 
necessitated rebuilding only 9 of the 14 filter units, since filter 
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number 2 had been rebuilt in 1950, and the effective size of the 
sand in filters 11 to 14, inclusive, was sufficiently coarse to per- 
mit the higher rate of 3 gal per min per sq ft. The effective 
size of the sand used in the rebuilt filters ranged from 0.50 to 
0.55 mm with the average size at 0.52 mm. 

Based on a rate of filtration of 3.0 gal per min per sq 
ft, the plant capacity was increased to 105 mgd, representing 
an increase of 43.4 mgd over the previous capacity of 61.6 
mgd. To accomplish this increase by new construction, based 
on an estimated unit cost of $60,000 per mil gal of plant capacity, 
any new facilities would have represented a construction cost 
of approximately $2,500,000. 

Since completion, the rebuilt filters have been in continuous 
service. Numerous tests have shown that the filters have pro- 
duced the same excellent quality of effluent water at the higher 
rates, as evidenced by the following tabulation, showing the 
quality of plant effluent produced since use of the 0.52-mm 
sand and high-rate filtration began, as compared with that 
produced during the previous 14 years. 


October, 1940-June, 1954 July, 1954-February, 1959 


Maximum Average Maximum Average 
Color 13 6 13 6 
Iron 0.20 0.01 0.20 0.01 


Manganese 


0.00 


The percent of portions tested showing the absence of coliform 
organisms were as follows:— 


October, 1940-June, 1954 July, 1954-February, 1959 
99.86 % 99.88 % 


Operation since 1954 has not continually been carried on 
at the 3-gal rate; the normal operation is at a 2-gal rate, this 
being increased to 3 gal per min per sq ft when the demand so 
requires. The following tabulation shows the average amount of 
water filtered per filter run during the two periods discussed 
previously : 

October, 1940-June, 1954 July, 1954-February, 1959 
Average mil gal 
filtered per filter 16.09 16.86 
per run 
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It may be seen, therefore, that the change to the coarser 
size of sand, increasing the plant capacity from 61.6 mgd to 
105 mgd, has produced the same high-quality water, consistent 
with a large amount of water filtered per run. 

A program of replacing worn and obsolete filter-effluent gate 
valves, installed in 1926 and 1940, was started in 1954 and 
completed in 1958. The 28 valves now installed, representing 
a total cost of $47,988, have demonstrated a most satisfactory 
performance for this major improvement. Each butterfly valve, 
which performs the combined function of flow control and 
positive shutoff in a most satisfactory manner, replaces four 
original valves, the combined operation of which was not in 
any sense comparable with the new installation. 

With the demonstrated successful operation of butterfly- 
type valves on the filter-effluent piping, a program of replacing 
the worn 24-inch wash-water gate valves, installed in the years 
1926 and 1940, is contemplated this year. Extensive tests and 
observations of wash-water requirements have been made relative 
to valve sizing, velocities, speed of opening, sand expansion, and 
rate of rise of wash water through the filters. This information 
has been applied to the flow characteristics of butterfly-valve 
design, and a contract entered into for the purchase of two, 
A.W.W.A. specification, motor-operated butterfly valves for 
this purpose. 

A Master Plan development for improvements at the Water 
Purification Works contemplates a total estimated expenditure of 
$1,100,000 and includes major building changes, to permit 
maximum economy of operation and provide additional room 
for chemical treatment, storage and handling, laboratory re- 
search, group instruction, main entrance lobby, approach drive- 
ways and parking areas. Included also are new and enlarged 
power-transmission cables with expanded transformer capacity, 
and a new power-distribution center with provision for increased 
power circuits. 

In addition to the improvements and extensions of the Purifi- 
cation Plant, a 40-mil gal underground concrete reservoir is to 
be constructed near the Scituate Aqueduct in the city of Cranston. 
This project has been under consideration since 1940, and with 
the steadily increasing demands on the distribution system, 
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it was concluded that any further delay at this time would 
seriously affect the ability of the distribution system to meet 
peak loads and to provide the proper and safe amount of 
storage required for fire-protection purposes. The total estimated 
cost, excluding land, has been set at a figure of $2,150,000. 

A two-story addition, together with alterations to the 
Administration and Operations building was completed in 1954, 
at a contract price of $348,855. The new addition, approximately 
27 ft by 143 ft, adjoins the original building and houses the meter 
and accounting office, ledger-card room, public relation and 
application office, engineering office, board room, and chief engi- 
neer’s and secretary’s office. Engineering records, meter records, 
billing room, meter readers’ office, carpenter shop, toilets and 
rest-room facilities are provided along the street side of the 
original building. Automobile repairs and stock, meter testing 
and repairing, general stock, and garage facilities for all auto- 
motive and construction equipment are provided at ground level 
in the main building. Off-street parking facilities for visitors 
and all departmental employees are provided in the yard area 
in the rear of the building. Small pipe stock, fittings, hydrants, 
etc., which are required in daily operations, are stored in the yard 
area, which is effectively screened off from the adjoining 
residential section by a fence of evergreen trees. 

At Providence, as in other water works, we have been 
faced with demands for increasing amounts of excellent-quality 
water at low cost. Necessary changes in treatment, together 
with improvements and extensions, have met the challenge in 
the past, and with work now in progress under our Master 
Plan we feel sure that the demands of the foreseeable future 
will be satisfied in the efficient manner characteristic of the 
water-works profession. 
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USE OF BUTTERFLY VALVES ON WATER 
DISTRIBUTION SYSTEMS 
BY A. E. HATCH, JR.* 


[Read April 16, 1959.) 


Evidently from the increase in interest in rubber-seated 
butterfly valves for distribution service, there is a need for 
better valves for this application. 

What are some of the reasons behind this increased interest 
in butterfly valves? 


Dramatic evidence of what can happen in the event of a 
line break that could not be isolated quickly is shown in Fig. 1. 

From this, it would appear evident that damage could run 
into thousands, and perhaps hundreds of thousands of dollars, 
should a critical valve fail to respond in an emergency. 


*Valve Engineer, B-I-F Industries, Inc., 345 Harris Ave., Providence, R. I. 
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After discussing this with distribution men and engineers 
throughout the country, we have compiled a list below of features 
required for the perfect distribution valve. 

The ideal distribution valve should: 


1. Be easily operated by one man, even after long periods 
in one position. 

Be leakproof after thousands of operations. 
Require no lubricant after installation. 

Resist corrosion. 

Be without pockets to collect debris. 

Be self-cleaning. 

Have a full-sized waterway. 

Be compact. 

Have a low head loss. 

10. Have ample safety factor for withstanding surges. 


WwW 


All of these things add up to one big requirement—RELI- 
ABILITY. Comparing the rubber-seated butterfly valve to 
these requirements, we find the following (see Fig. 2): 

We have the non-corrosive metal-to-rubber seating. By 
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employing a material that has a “give” to it, as in the rubber 
seat, we have eliminated any metal-to-metal contact that dic- 
tates wear with each operation. We also have a valve that can 
be manufactured very tight—in fact, bubble tight—and remain 
in this condition after thousands of operations. The non- 
corrodible seating edges on the valve disc meet the rubber, 
eliminating the possibility of jamming or freezing after long 
periods in the full-open or full-closed position. 

Further to assure ease of operation, the butterfly valve 
comes equipped with a totally enclosed, permanently lubricated 
gear reducer, giving the operator a mechanical advantage of at 
least 70 to 1, and greater in the larger sizes. 


Fic. 3 


Going back to tightness again, in Fig. 3 we see a demonstra- 
tion of the bubble tight test that all rubber-seated butterfly 
valves sold to American Water Works specification must pass. 
Note the pool of water on the top of the disc. Here air pressure 
is exerted under the disc at a pressure of 125 psi, or as re- 
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quired by the valve class, for a period of not less than five 
minutes, and one bubble escaping into the water pool is enough 
to eliminate the valve. This is one of the most rigid tests devised 
for valve leakage, and the butterfly-valve AWWA Specification 
is the only AWWA valve specification that has this requirement. 

Dramatic evidence that butterfly valves are tight after in- 
stallation is presented by the fact that when 104 gate valves were 
replaced with AWWA butterfly valves in an eastern filter plant, 
they resulted in an actual water saving of 33 mgd. 

The low maintenance requirements of a valve are basically 
inherent in the design of a butterfly valve. You will note that 
the only movement from full open to full closed is the rotation 
of the shaft and disc through an arc of approximately 90° (see 
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Fig.4). The bearings are permanently lubricated and entirely 
out of the waterway where the initial lubrication lasts the life 
of the system. They are also protected by the rubber seat so 
that dirt cannot enter them. 
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The distribution valve must also be resistant to corrosion. 
We have covered this point on the seating surface where we have 
a perfect seat to withstand corrosion. The other parts of the 
valve exposed to the waterway are normally cast iron, alloy cast 
iron, or utilize various types of rubber coatings, all well known 
for their corrosion-resistant properties. 


Fic. 5 


Looking at the basic butterfly-valve design in Fig. 5, we 
see that it does not have a full line size waterway. How important 
this is depends mainly on the size of valve and the type of 
system the valve is installed in. In smaller lines, where cleaning 
with a rabbit or any traveling cleaning mechanism is used, it 
appears undesirable to use butterfly valves at all locations. How- 
ever, where the line is concrete or of other material not requiring 
cleaning, or in larger sizes where less than line-size valves are 
normally used anyway, this is not a factor. 

Head loss of the butterfly valve is low, amounting to ap- 
proximately three-tenths of a velocity head with the valve in the 
wide-open position, or about the same as an elbow. 

In addition to the inherent features in the butterfly valve 
that make it adaptable to distribution service, the user also has 
the added protection of an American Water Works Association 
specification, to assure him that he gets the proper materials 
in shafting, bearings, body, and seating surfaces (see Fig. 6). 
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Not only are materials specified, but their thickness and 
strength is also outlined. 

Note on the picture that where taper pins are used, they 
must be mechanically secured, bearing loading must be under 
2500 psi at rated shutoff pressure, and a thrust bearing must be 
furnished to maintain the valve disc in a center position. 


While the AWWA specification is as complete as it is prac- 
tical to be, there are some very important choices that are left 
up to the manufacturer and the customer. It is not the intent 
of this paper to discuss the pros and cons of each type of con- 
struction. However, we do want to point out a few of the major 
choices that are available. 

The AWWA specification divides the valve into six classifi- 
cations: 25-8, 25-16, 50-8, 50-16, 125-8, and 125-16. The first 
group of digits indicates the shutoff and leakage test pressure in 
pounds per square inch gauge, and the second group indicates 
the maximum pipeline velocity in feet per second. The specs 
further break down the operator torque requirements for the 
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most adverse condition, which is a dry system downstream when 
the valve is closed, and the least adverse condition, which is 
a flooded system downstream when the valve is closed (see 
Fig. 7). In the least adverse condition, the operator may be 
sized down to meet the actual torque requirements of the system, 
providing it is of sufficient size to overcome the unseating torque 
requirement of the valve. Under the most adverse conditions, 
the operator torques are listed in the specifications and cannot 
be deviated from. 


Fic. 7 


Two types of shaft construction are allowed, the first being 
the solid one-piece through shaft, and the other the two-piece 
stub type protruded into the disc from each end, utilizing the 
valve disc itself as the center portion of the shaft. 

The two types of seat allowed are the molded ring insert, 
cemented and clamped into the valve body, and the vulcanized 
spool type. 

Valve discs may seat at 90° to the pipe axis when the insert- 
type seats are utilized, and at less than 90° to the pipe axis in the 
vulcanized spool-type construction. 
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Each manufacturer feels that he has valid reasons for 
selecting the design he did, and he will be glad to go over his 
reasoning with you. 

In considering valves on distribution service, the most 
prominent use that comes to mind is, of course, the isolating 
valve. In this application, the stuffing box on the valve would 
be totally enclosed, and the gear reducer furnished suitable for 
submergence underground or water levels up to 20 feet. The 
reducer comes equipped with connections for transite or cast- 
iron pipe sleeves and can be furnished with nut operators on 
the valve reducer, or extended up to just below the ground surface 
in a valve box. Other applications in distribution systems that 
a butterfly valve would adapt itself to are in pump suction and 
discharge, as altitude valves at the base of storage tanks, and as 
throttling or pressure-control valves. 

The use of the butterfly valve on pump discharge as an 
automatic check valve is shown in Fig. 8. The system is ar- 
ranged so that the pump starts up against a closed valve and, 


i 
Fic. 8 


30 BUTTERFLY VALVES 


as the pressure rises to a predetermined level, a pressure switch 
actuates a 4-way solenoid valve, causing the valve to open at a 
rate that is adjustable. Upon shutting down the system, the valve 
closes first to prevent any back flow through the pump and, upon 
reaching the closed position, trips a limiting switch, thus shutting 
down the pump motor. This application takes the place of a 
check valve and a shutoff valve and, when hydraulically operated, 
has the advantage of an adjustable speed of opening and closing, 
to eliminate water hammer in the system. Auxiliary manuals 
may also be provided for emergency operation. 

The pump check system can also be designed around an 
electrically operated butterfly valve. 

In use as an altitude valve, the basic cylinder-operated 
butterfly is combined with a type of controller that opens the 
valve when the system pressure decreases, allowing the water- 
storage tank or reservoir to feed into the system. The valve 
remains open until the water-storage supply is refilled to a pre- 
determined level and then closes, maintaining the designed 
storage capacity. 

As a pressure-control valve (see Fig. 9), the butterfly valve 
has the advantage of low head loss in the wide-open position 
when control is not necessary, and bubble tightness when the 
system is shut down. In throttling service, the butterfly valve 
has always been noted for its good control characteristics. 

Getting down to the actual physical requirements of install- 
ing the butterfly valve, we find that normally valves are furnished 
with flanged ends. However, adapters are available for con- 
nections to almost any kind of piping that is required, and the 
manufacturers are slowly converting their valve patterns to in- 
clude these various type ends. It is best when considering 
a valve in the system to allow the manufacturer to quote either 
way, in order to assure the most economical installation. 

For valves installed above the ground, there are available 
all standard types of operation, such as hydraulic, pneumatic, 
or electric. In buried installations, the most common types are 
shown in Fig. 10. Of the two, the advantage lies in the type 
with the horizontal shaft, as it requires a more shallow excava- 
tion, and any sediment that is in the bottom of the pipe line is 
flushed away from the seat, due to the Venturi action when the 
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valve approaches the closed position. It should be noted here 
that the butterfly valve is a truly balanced valve and does not 
require the use of by-passes to utilize pressure on each side 
of the valve prior to opening, and that it can be installed in any 
position without construction modifications. 

We have seen some of the good points of butterfly valves; 
now let’s see if we can pull them apart under actual conditions 
that can occur in a distribution system. 


Fic. 11 


In the upper left hand corner of Fig. 11, we see a line break, 
and the question of the ability of a butterfly valve to close under 
high velocity arises. First, it should be pointed out that the flow 
of water past the valve disc always tends to close the valve; thus 
the operator, in an emergency, only acts as a governing device 
to regulate the speed of closure. Secondly, in analyzing a situa- 
tion like this, it appears that the velocity cannot go too high 
in a normal distribution system, due to the fact that the friction 
increases rapidly with the increase in flow. For example: 

Assume a wide-open 36” AWWA class 125-16 butterfly valve 
in a distribution system. The valve is located 10,000 equivalent 
feet from a constant 100 psi (231 ft.) supply with a normal flow 
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of 12.0 MGD (2.7 fps). The normal loss through this system is 
approximately 10 feet (C = 100). 

In the event of a complete line break, what is the maximum 
velocity that would be encountered? 


Basic Formula: V = adn 
VN 
D 
4. H = System head loss—feet of water (231 ft max.) 
Cp = Butterfly-valve loss coefficient (.3 at full open). 
f = pipe friction factor (.02). 
L = System equivalent length in feet. 
D = Valve diameter in feet. 
V = Line velocity in feet per second. 
«231 (64.4) 
= 


V 34.02 (10,000) 
3 
which is well within AWWA classifications and the valve limits. 

At this point, we also should analyze the forces acting on 
the rubber seat. Butterfly valves of the angle-seated type with 
vulcanized spool seats, or the 90° seating type with cemented and 
clamped seats, are all designed with a seal behind the seat, which 
does not permit water or pressure to get under the seat. This 
means that all line pressures are working on the outside or water- 
way side of the rubber, and under positive pressures with the 
valve in the open position, the water is holding the seat in place. 
As the valve approaches the closed position, the differential pres- 
sure across the seat builds up until at the closed position we have 
the full system differential of up to 125 psi. In testing our 
rubber seat, we have found it to withstand differential pressures 
of almost 400 psi across the seat without rupture. On top of 
this reasoning, there are also in actual service rubber-seated 
butterfly valves on line service where velocities are over 30 ft 
per second daily, and we know of one where the velocity is over 
50 ft per second. 

It also might be pointed out that the rubber seat in a butter- 
fly valve acts something like a safety valve, and if excess line 
pressure builds up, it bleeds off across the seat to bring the 
pressure back to normal without damage. 
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In the upper right-hand corner of Fig. 11, we see a man 
overstressing the valve operator by applying too much torque 
to the gear reducer. In analyzing this situation, we note that 
the stops that limit the rotation of the disc are in the gear reducer, 
external of the valve itself. In the 90° seating design, overtorque 
could damage the stops; however, the valve itself would still be 
intact, as the disc could rotate in the pipe line. Repairs can be 
made to the valve from the outside, which would not require de- 
watering or depressurizing the system. In fact, the disc can be 
put in the closed position, and as it is balanced, it would remain 
in that position during the repair operation. 

A simple shear pin or slip clutch in the arrangement of the 
operating nut could prevent damage to the valve or operator, and 
it is wise to incorporate this in your designs. 

The valve must also remain in the required position without 
creeping due to vibration. 

As the torque to operate the valve disc is exerted by the 
operator through a self locking worm and gear reducer, the valve 
will stay in its last position, which, in a distribution valve, is 
normally either full open or full closed. In the full-closed posi- 
tion, the 90° seating valve is balanced and physically held in 
place by compression of the rubber seat around it, and the opera- 
tor can be removed safely. This ring also helps absorb any vi- 
bration and prevents opening and leaking of the valve, if vibra- 
tion tended to cause the gears to back up. 

As we pointed out before, the purchaser is protected by 
AWWA specifications with ample safety factors to withstand line 
surges or water hammer. The physical safety factor in the 
AWWA specifications means a 125% valve can withstand surges 
up to 300 lb without permanently damaging the valve itself. We 
have actually tested 50% valves with one-piece stainless steel 
shafts with differential pressures of 300 psi across the disc and 
found no misalignment of the bearings or wear or infringement 
on the bearing surfaces. 

In summary, it can be said that the butterfly valve has many 
advantages that make it attractive as a distribution valve, and 
unless the system has a pressure requirement greater than prac- 
tical for modern rubber seats, we shall be seeing more and more 
usage of this reliable valve. 
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WATER-DEPARTMENT PLANNING 
BY CLARENCE E. FERRY* 


[Read May 21, 1959.) 


The title of this paper, ‘“Water-Department Planning,” 
can be considered analogous with water-department management 
or organization. Planning, by necessity, is practiced by individ- 
uals in all forms of undertakings. However, when two or more 
persons engage in a mission, a sound and definite plan of 
organization is essential to manage any enterprise successfully. 

Many statesmen have said that survival and world domina- 
tion depend upon power, whether it be in the form of water 
power, oil, gas, atomic, solar, or a combination of all. 

Many also agree that a nation will deteriorate, unless an 
adequate water supply is available to contribute to its health, 
welfare and economic advancement. What pertains to the nation 
also affects the status and progress of the states, the cities and 
the townships. 

Basically, the water-department management has, in the 
eyes of the public, only ONE duty to perform! That is, to 
supply potable water in sufficient quantities, to satisfy the de- 
mands of residential, industrial, commercial and municipal 
consumers for the highest standards of living, manufacturing, 
recreation and the protection of property from the ravages of 
fire. 

Actually, these are the functions of the water department, 
and (with a few exceptions and regulations) they must be carried 
out expediently and efficiently. 

Water is a natural resource that must be delivered to the 
consumer free of impurities and fit for human consumption. A 
water department is a utility, as are electric, gas and communica- 
tions. How many water-works managers and commissions have 
really thought of their department as a utility, on a par with 
that of electric and telephone? Large water-department districts, 
precincts, and private systems do operate as utilities and are 


*Superintendent of Distribution, Water Department, Manchester, N. H. 
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constantly checked by State and local commissions, directors, 
and stockholders. 

The 18,000 water systems in the United States serve a pop- 
ulation of 125,000,000. The present total force of water-depart- 
ment employees numbers 130,000, an average of 1 water-works 
employee to serve every 1,000 people. Municipalities own 70% 
of the water utilities and serve about 90% of the population re- 
ceiving water service. 

Regardless of size, all water utilities must start with the 
same natural resource, process it, and deliver the same under 
identical conditions, although in some cases it is on a smaller 
scale with less customers involved. However, it should be noted 
that the smaller the department, the larger percentage each em- 
ployee represents of the total staff. 

Yes, the WATER industry is a utility, but it is unique in 
two categories: 


1. The sun, air and water are absolutely necessary for hu- 
man survival. Of these three only water is delivered as a pro- 
duct, having no known substitute in sufficient quantities. 


2. The fact that there is no substitute automatically makes 
the product a monopoly, and therefore it will have no direct 
competition. 


The significant fact is that management can utilize the 
energy and ability of the personnel toward supply, pumping 
and treatment plant, distribution, and personnel and_ public 
relations, knowing that the demand for the product will be 
constantly increasing and that it will never be obsolete. 

Planning can be considered the most important function of 
water-works administrators. So much depends on the decision 
of policy and designs determined by the governing board. 

Many of our oldest systems reflected sound planning 
some 50-75 years ago, as many of the supplies and distribution 
systems served adequately, up until some two decades ago. 
During the past 25 years many sections experienced prolonged 
droughts, with the lowest annual rainfall ever recorded. In 1953, 
1,072 public water supplies in the United States were forced 
to restrict the use of water to all or part of their 24,000,000 
customers. Record temperature deficiencies for the northern 
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climate even during the past winter have made us all bury the 
mains and services deeper. 


The amount of moisture nature produces cannot be in- 
creased nor altered appreciably; rainfall and run-off records for 
the past 100 years show what can be expected. The United 
States has no absolute shortage of water, but conservation and 
control must be practiced, as the demands increase at a 
startling rate. Over all America, it is estimated that our need 
for water will grow 270% in our lifetime! 


Ground-water tables are dropping. Watersheds and sup- 


plies can become contaminated, due to the increased recreational 
load. 


Since all these extremes have happened in our lifetime, 
with records of the past as a basis, we can and must prepare 


our systems for the future. We even know approximately what is 
ahead: 


1. It is known that the population will increase some 
50,000,000 by 1975. 


2. Statistics show that the daily per-capita rate has been 
increased, by the use of: 


Automatic dishwashers and washing machines. 
. Air conditioning (see Fig. 1). 

Automatic lawn sprinkling. 

Modern industrial needs. 

Increased standard of living. 


This daily per-capita rate increased from 120 gpd per 
person in 1940 to 160 gpd per person in 1958 (see Fig. 2). 
Predictions are that by 1975, the per-capita rate will increase 
another 25%. Barring a catastrophe, this problem must be 
solved in the very short time of some 15 years. Fortunately. as 
shown in Fig. 3, the number of leaks per mile of main and per 
1,000 services decreases as the length of mains and the number 
of services increase (see Fig. 3). 


The responsibility of meeting the forecasted demands and 
initiating the recommended future policies rests squarely on the 
shoulders of the water-utility boards and their administrations. 
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WATER SUPPLY 


The water supply is the foundation of the whole water- 
utility structure. Without an adequate supply the town would 
soon deteriorate, being unattractive for industrial expansion 
and the high living standards demanded by the present-day 
population. 


AIR CONDITION DATA 
MIAN CHESTER. 
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Unless the present water supplies are adequate to supply the 
200%-300% anticipated increase, one must plan now how best 
to add to the supply. 

Investigate new well sites for reserve. Purchase and 
control surface-water supplies before they are taken over for 
recreation or camp sites, or contaminated from _ industrial 
waste. Watersheds need constant protection by enforcing regula- 
tions to eliminate fires, contamination, and wanton destruction 
of dams and control works of impounding reservoirs. For- 
estation can be beneficial and necessary, if operated properly. 
This program, its operation and cost form a separate function, 
which will be described in detail in another paper. 

Pumping facilities and treatment plants need to be main- 
tained, designed for future expansion, and reinforced by emer- 
gency standby units. 

The facilities of transmission and distribution are an 
integral part of the city structure (see Fig. 4). The consumers 
are more cognizant that actually there is some work involved 
in water distribution, when they see hydrants, municipal swim- 
ming and wading pools, water-main construction and maintenance 
crews, and even the meter reader who appears periodically. 

Finished water, storage reservoirs and standpipes should 
be adequate to satisfy the National Board of Fire Underwriters 
at their periodical inspection. 

The problems in supply and distribution are familiar 
to all water-works operators, as every customer expects unin- 
terrupted, continuous service upon demand. Oftentimes manage- 
ment is called upon to solve numerous individual complaints, 
the result being that little or no time is left for the more impor- 
tant basic operations. 

With the present mechanized age with everyone cost- 
conscious, all the energies of the superintendent, management 
and engineering staff are taxed to the utmost. Future plans for 
distribution reinforcements for 5-10 years in advance, with 
forecasted costs, must be formulated. After the method of 
payment is determined, and the go-ahead signal given, the work 
must be carried out expeditiously. 

Communities involved with the national accelerated highway- 
construction program have an added responsibility of incorpor- 
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ating designs for future water-main distribution in conjunction 
with the highway contracts. This is no easy matter, and often- 
times the tendency would be to “just get by for the present.” 

The planning time is here now; the interstate system will 
not wait. Therefore we must consolidate our personnel, or if 
necessary engage consulting firms and contractors, to facilitate 
the completion of the best distribution system possible. What ex- 
cuse can management offer, if, in a short time after the inter- 
state highway completion, it is necessary to jack a new, larger 
pipe across the right-of-way at, say, $100 per ft, when by plan- 
ning and installing at the proper time the cost will be some 
25% of the jacking cost. 

Money spent on planning and construction timing will be 
saved in the long run. 

We have at our disposal water-works supplies conforming 
to rigid standards, with a length of life far exceeding expecta- 
tions. The challenge to the water departments is to install and 
maintain these appurtenances to be trouble-free equally as long. 

A majority of emergencies originate from faulty installation, 
fauity supervision, and damage from vehicles and other utility 
construction, all of which are man failures. Cooperation and co- 
ordination by all utilities and contractors will save much 
inconvenience and unnecessary expenditures. 

In some of the larger water departments, 50% of the ex- 
penditures are allocated solely for payroll—i.e., wages to em- 
ployees, working for and in all phases of the utility functions. 
Their training and attitude can be very influential toward im- 
proving public relations and the effective discharge of their proper 
functions, as prescribed by management. Personnel is the founda- 
tion and keystone of the structure of any organization. The pro- 
per placement of personalities in a job is not easy, when one 
considers that the type of job is first determined, and then a 
qualified person must be found to perform its functions. Usually 
those persons interested in their work will be the most valuable 
to the organization and able to carry out assignments efficiently. 

Management must be able to select, train and utilize good 
employees, if efficient service is to be rendered in this present 


day of automation, mechanization and technological advance- 
ments. 
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More time should be spent in screening new employees, 
with the thought in mind of promotional advancement within 
the organization, rather than selecting a poor or mediocre em- 
ployee on a costly “we will try him out” basis. Once mutual 
management-employee cooperation has been established, periodic 
meetings, outings and constant employee-level inter-department 
communication will produce the results for which all managers 
strive :—efficient personnel. 

The fact that potable water must be available at all times 
necessitates continuous surveillance of supply, treatment and 
distribution maintenance—i.e., in darkness, week-ends and 
extremes of weather conditions. 


The National Safety Council places utilities, with lumbering 
and heavy construction, third from the most dangerous occupa- 
tion in the past 3 years. The mining and marine-transportation 
industries top the utilities as being more hazardous. All parties 
suffer when absenteeism is caused by sickness or accidents. 
It is the duty of both employer and employee to keep equipment 
in good repair, practice safety on the job and at home, and 
have safety equipment and first-aid material available when 
needed. 

A well trained and satisfied personnel can be very influential 
toward maintaining good public relations and, therefore, public 
good will. By its very nature, every public water utility Aas 
had public relations ever since it started business. 

Even privately owned utilities find public good will most 
necessary to success in their rate cases and defending their 
franchises against public ownership. 

Oftentimes extra advance notice and explanation of why 
the water is to be curtailed, and why inconvenience due to 
construction is necessary, will calm tempers and criticism. 
How simple it is to supply service through temporary by-pass 
lines, thus minimizing hardship to the customer and also guar- 
anteeing good workmanship, even though the work is prolonged, 
due to unforeseen circumstances. 

Every precaution necessary to produce a safe water must 
be taken by water-department management, as they realize only 
too well their responsibility and liability toward delivering a 
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commodity so essential to the community’s health, progress and 
beauty. 

Studies already completed show that the water industry 
has fallen behind other utilities and other industries in providing 
incentives, training and opportunities to engineers and other 
trained people, and at the critical time when the water industry 
faces its biggest job in history. 

The departments have done a marvelous job by keeping 
up with the increasing demand, while working on a budget that 
has usually been inadequate to maintain the physical plant and 
operating staff in prime condition. 

Today, as always, the cost of water is the biggest bargain 
in the family and industrial budgets. Commissioners and man- 
agers are sincere public servants, and when supported by the 
public and adequate rates, no community will be kept from ad- 
vancing by inadequacies of any utility. There is a vast job 
to do, and “Silent Service Is Not Enough” to get public apprecia- 
tion and support for the modernization required in this, not the 
atomic age any more, but the “Computer Age,” able to calculate 


probabilities far beyond the realm of comprehension. 
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FORESTRY AT MANCHESTER WATER WORKS — 
FACT OR FANCY 


BY ALDIS J. CHRISTIE* 


[Read May 21, 1959.) 


The definition of forestry is “the art of producing and man- 
aging a forest,’ and with this paper I shall attempt to tell you 
what we are doing about it here at Manchester Water Works. 

Compared to many other industries in this country, forestry 
is rather new. In Europe, forestry has been practiced many cen- 
turies, but it is only since about the year 1900 that the word, 
“forestry,” has been used to any extent in our vocabulary, and, 
until recent years, with few exceptions, there has not been much 
interest shown in the profession. It has been a long uphill haul 
to stimulate real interest in forestry and its related subjects. 

Many factors have entered into the picture to promote this 
interest, and of course the most important one is the fact that 
good quality lumber and the desirable species were being cut 
much faster than they were growing. 

Around the turn of the century and before 1910 in New 
Hampshire alone, which is considered the center of the white 
pine area, the annual cut of white pine was about 700 million 
board feet. Since that time, the cut has gone down steadily and 
is now less than 200 million board feet annually, and is still 
declining. Years of clear cutting and the suppression of pine by 
poor grade hardwood species have been the two most important 
factors for this condition. 

The foresters, lumbermen and interested industries finally 
realized that if the very important wood industry was to sur- 
vive, some immediate action should be taken. Therefore through 
an accelerated educational program, research, and pest and 
disease control, forestry has been given a much-needed shot in 
the arm and is rapidly coming into its own. 

Perhaps many of you men here today can recall that many 
streams, that you knew and fished in when you were boys, have 
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gradually dried up. Invariably, the reasons for this condition 
could be traced to the fact that somewhere on the watershed 
that fed these streams, clear cutting of the forest cover had 
been made, with the result that no growth was left to help retain 
the water in the soil for a gradual runoff throughout the year. 

Near the turn of the century, a few interested, far-sighted 
men saw the handwriting on the wall. Timber was being cut 
very rapidly for many reasons. The country was growing and 
growing fast. Wood was needed for this expansion, and very 
little thought was being given to a future supply. The policy 
was to cut out and get out. The eastern part of the country, 
being the first to be settled, was the first to be cut, and, as the 
country grew and expanded toward the west, the lumber 
industry went west also, cutting and leaving great waste areas 
along the way. 

Finally, the west coast was reached, and there the industry 
thought that an inexhaustible supply of lumber had been 
found. This was not so however, and the few hardy believers, 
who for many years had been fighting this destruction, could now 
say, “I told you so.” Then the forestry profession began to make 
headway. 

Forest conservation became a popular topic of conversation. 
The hunters and fishermen were concerned because the game 
was disappearing. The people as a whole began to miss the 
green forests. The question was asked, “What can be done about 
it?” The few foresters who existed at that time should have all 
the answers. 

The government set aside areas in all sections of the 
country for game preserves. Many states followed closely. 
Many town forests were established, and as forestry became 
more popular, individuals who owned large areas became inter- 
ested. 

Many municipal and private water companies suddenly 
realized that they owned or controlled many acres of land. 
Very little, if any, of this land had been acquired for forestry 
purposes, ard perhaps not too much had been acquired for 
water-conservation purposes. However, regardless of the reasons, 
these water companies realized that they owned the land areas, 
and many decided that something should be done. Old fields 
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and other open areas were planted, usually to evergreen species. 
In most cases, little thought was given to these reforested 
areas, and the same held true regarding the areas that supported 
natural growth. As the years passed, these areas grew, and the 
trees developed to the size of merchantable timber, and stumpage 
was sold to be manufactured into various products. 

Forestry as a useful profession became more popular. 
Schools that taught forestry were looking for areas where experi- 
ments and field work could be carried out. The best example of 
this type of watershed forest is, I believe, owned by the New 
Haven Water Department and has been managed for many years 
by the Forestry Department of Yale University. 

This has been only a brief resume of the development of 
forestry in this country. It is surprising to note that Manchester 
Water Works has followed the general pattern. 

As you probably all know, the first Water Board came into 
existence August 1, 1871. Manchester was growing rapidly, 
and farsighted city officials realized that an adequate supply 
of water must be had. 

When Massabesic Lake was chosen for the supply, a 
land-buying program for shore-line control was begun, and 
in order to acquire the shore line, many extra acres were pur- 
chased. It was soon realized that many acres of land were 
owned, and the far-seeing Water Board, through advice from 
both the Forestry Department at the State University and the 
State Forestry Department, instigated a tree-planting program 
on the old fields and other open areas. 

The first planting was made in 1913, when 40,00 white- 
pine seedlings were set out. The next year 50,000 seedlings 
were transplanted, and nearly every year thereafter some forest 
planting has taken place on our watershed. We have planted 
as many as 155,000 trees in one year for a total planted to date 
of 1,840,000. Many species have been planted, which include 
White, Norway and Scotch pine, arborvitae, white and Norway 
spruce, white fir and white ash. The fir, arborvitae and white 
ash were more or less experimental plantings and were not too 
successful, due to poor site conditions, or because they were 
planted outside their natural range. 

White spruce was planted primarily for Christmas trees, 
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and, although they grew very well, we soon discovered that, 
beginning about two or three weeks before Christmas and again 
for several weeks in the early spring, they disappeared for 
various reasons. These plantations were successful as far as 
growth was concerned, but unless one is able to protect white 
spruce during certain times of the year, you might as well forget 
them. For these obvious reasons, we have discontinued planting 
or trying to grow white spruce. 

Most of our future planting will, no doubt, be either Nor- 
way or white pine, running heavily to Norway pine. There 
are several reasons to favor Norway pine planting over white 
pine planting in this area. With proper cutting practices in 
white pine areas, we should be able to get an ample supply of 
white pine reproduction. 

Most of our future planting will be done on newly purchased 
open areas, where Norway pine does very well, and we also 
have found that thinnings can be made in Norway pine planta- 
tions earlier than in white pine. As yet, Norway pine is not 
too susceptible to disease or insect damage in this area; it will 
grow well on most sites; they are not a tolerant species and 
so grow well in open areas, and the method of thinning that is 
best for Norway pine is also the most economical method to use. 

Using this method, we remove a complete row of trees, 
either every other row or every fourth row. If every fourth 
row is removed, you can plan to return in a few years and remove 
the middle row of the three rows left. 

The time of the first thinning is very closely related to the 
size of material to be removed and the market for the material 
removed. Here in Manchester we are very fortunate to have 
several wood-working industries, which can use and so will buy 
thinnings down to a minimum 3-inch top-diameter size. 

The more complete utilization of the trees cut, the better 
forest conservation is being practiced. 

Let me give you one or two examples of utilization on our 
watershed. This year we have been thinning a white pine plant- 
ation that was planted in 1920, which now makes it 39 years old. 
It had a light thinning about 10 years ago and was ready for 
another one this year. Our markets were such that we decided 
to cut these trees into three different products. First, we had 
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many good-sized butt logs, which were suitable for saw logs, and 
so were channeled to our sawmill; next a near-by cooperage mill, 
which manufactures wooden buckets and tubs, agreed to take 
most of the remaining tree, and that portion of the tree left 
which was unsuitable for saw logs or cooperage was cut into 
four-foot pulpwood. This operation was a contract job. The 
cutting and yarding was let out to one contractor, and the haul- 
ing to another. The costs of the operations were as follows: 
cutting of saw logs and cooperage was done for $8/M; yarding 
of these logs to the skidway was done for $4/M, and the hauling 
was done for another $8/M, so for $20/M this material was cut 
and delivered to the purchaser, and he paid us $32/M. This 
is a difference of $12/M received over operating costs. The 
low cost of yarding for this particular job was due to a smooth, 
flat logging chance and a very short haul from the lot to the 
skidway. 

The pulpwood market at the present time is not too lucra- 
tive, and so we do not produce any more of this than is neces- 
sary. The cost of the pulpwood operation is $6/cd. for cutting, 
$3/cd. for yarding and $7/cd. for delivery. This is a total cost 
per cord of $16, and prices paid are $18/cd,. or a difference in 
operation cost and price received of $2/cd. This is not very 
much, but working out the pulpwood accomplishes several things 
for the betterment of the stand. First, of course, it gives com- 
plete utilization of materials cut; next it tends to remove most of 
the branches from the main stem, which, when well scattered, lies 
close to the ground where it deteriorates very rapidly, thus 
reducing the fire hazard. 

As you can now see, integration of the materials cut in 
this operation has provided material for three phases of the 
wood-manufacturing industry: the larger and best logs for 
lumber, clear joints for cooperage, and pulpwood for the paper 
industry. 

Another cutting of interest that we made in one of our 
younger stands took place two years ago. This operation was 
in an 18-year-old Norway pine stand on a very poor site. The 
soil was light and rocky. The history of the area is as follows, 
It had once supported a poor growth of white pine, which 
was cut clean, and soon afterwards the area was burned over. 
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Then for a period of about 25 years, the area was heavily pas- 
tured, and when we acquired the land, a considerable amount 
of erosion was evident. Soon after we bought the land it was 
planted to 3-year-old Norway pine seedlings. In 1957, New 
England Pole & Wood of Merrimack, N. H., needed several 
thousand 8’ and 10’ farm fence posts. We supplied them with 
3,423 eight-foot and 1,737 ten-foot posts. In addition, we re- 
moved 13 cords of pulpwood for the paper industry. Here again 
we had nearly complete utilization by an integrated operation. 
Contract labor was again used, and the final results costwise 
were as follows: to cut, yard, and deliver 5,160 posts to Mer- 
rimack cost $1,551.10; to cut and yard 13 cords of pulpwood 
cost $117.00, or a total cost of the operation of 1,668.10. This 
material was sold for a total of $2,143.45, or a return on the 
operation of $475.35, or less than 20 years after planting, a 
return of $19.01/acre. 

Fifteen years ago this operation probably would have been 
impossible, because at that time, there was little or no market 
for this type and size of material. This change in the markets 
is a good indication of what the wood-using industry has been 
doing for the last decade or so in their efforts to find new 
markets for as much of the materials grown as possible. We 
foresters believe that this is only the beginning. Eventually, 
through the continued efforts of all people dependent on the for- 
est industry for a livelihood, a use will be found for most of the 
material that once was considered waste. 

I have mentioned these two operations to point out that 
much-needed cultural work can be carried out in the younger 
age-class stands on at least a break-even basis, and many times 
at a profit. 

Early cultural work in young healthy stands is, in my 
mind, one of the most important phases of forestry. To have 
a good forest one must plan to develop the species of trees 
that will have the most value at maturity and will grow best 
on the types of soil available. In order to do this, these trees 
must have room to grow and, therefore, the undesirable species 
must be eliminated. There are many methods by which this 
can be accomplished. The most popular and economical method 
used today is by the use of different chemicals. In this, as well 
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as other areas, these chemicals have been developed to eliminate 
the broadleaf species. Research has developed several different 
methods of application, and when used as directed, and for the 
purpose intended, very good results have been achieved. The 
best methods are foliage spray, basal spray, and by insertion 
directly into the tree itself. Great care has been used in develop- 
ing these chemicals because of the many factors involved. 
Chemicals had to be found that were unharmful to fish, game 
or domestic animals. Care had to be taken when using these 
chemicals, especially around water supplies, so that no con- 
tamination would result. Here again by cooperation with 
everyone concerned, research has done an excellent job. Some 
of the chemicals being used are ammate, 2-4-D, C.M.U. and many 
others, most of them doing the job well. 

Growing a good forest can be compared to growing good 
vegetables. In order to raise carrots, beets, corn or other crops, 
weeds must be eliminated. The same condition holds true with 
forestry. If we intend to grow the species of trees best suited 
for a particular area, then the poorer species and weed trees 
must be eliminated. 

Another important phase of cultural treatment in a forest 
is pruning, especially when the main species is white pine. 
White pine has the characteristic of retaining its limbs after they 
die from lack of side light in the stand. In order to produce a 
high-quality board, these limbs must be removed as early in the 
life of the individual tree as possible, and the best way to date 
of doing this is mechanically. 

A pole saw is usually used. We usually prune about 
150 healthy well-formed trees to the acre to a height of 12 to 
17 ft. The cost of this operation is about 1 cent per running 
foot. At present lumber prices, one knot-free 8-inch board, 12 
ft long, cut from a pruned butt log, will return the cost of this 
operation compounded annually for 50 years. If a tree is 
pruned when it is 6 in. in diameter and is then allowed to grow 
until it reaches 18 or 20 in. in diameter, you can visualize the 
amount of clear lumber that can be cut from a pruned log. 
An unpruned log will usually produce only #4 common boards, 
which at the present time are worth about $86/M. Selects, or 
lumber produced from pruned butts, are worth $227/M and up. 
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I think these figures answer the question, “Is it profitable to 
prune?” 

Other cultural problems that may arise in any forest program 
are the possibility of attacks from insects and damage from 
disease or fire. Compared to other sections of the country, 
we have been very fortunate and have been relatively free from 
all of these. We do have small amount of white pine blister 
rust, and of course some damage from the white pine weevil. 
About every five to seven years we have an outbreak of the 
gypsy moth, which feeds almost entirely on the deciduous 
species, and especially the oaks. As most of our hardwoods are 
of poor quality, we do not get too much concerned, however, over 
these infestations. There are many new methods of control 
with which to combat these outbreaks when they arise. Any of 
these insects or diseases are a serious threat and should be 
closely checked. 

Forest fires are always a possibility, and to help combat 
them our department built its own fire-lookout tower a year 
after the 1937 hurricane. This tower was designed by our 
engineers and built from material cut from our forest. We man 
this tower 7 to 8 months a year, and in addition to keeping 
a close watch over our own property, we cooperate with the 
State forest-fire control system and assist them in locating 
fires in the surrounding areas. This service gives adjacent towns 
much-needed fire protection that otherwise they would be with- 
out. We also own and maintain a fully equipped fire truck. 

The last phase of our forest operations is our sawmill, 
where we saw all lumber removed from our forest. The lumber 
is cut selectively during the fall and winter months and is 
sawed into square-edge boards and dimension during the early 
spring. It is then stuck and air-dried for a period of 6 to 8 
months. After the drying period, bid invitations are sent out 
to 10 or 15 nearby reliable lumber dealers, who, if interested, 
submit their bids on a given date, and needless to say, the lum- 
ber goes to the highest bidder. 

Our lumber is well manufactured and at the present time 
is as good as, if not of better quality than, the average run of 
native pine. At the sawmill we have a newly installed chipper. 
With the exception of the sawdust, this machine grinds all of 
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our sawmill waste. Previous to this year slabs were either sold 
or given away. The edgings were hauled by truck to the dump 
and when weather conditions permitted, were burned. The 
sawdust was given to anyone who would haul it away. 


Early this spring I was approached by a group of farmers 
who, due to a shortage of cattle bedding and chicken litter, 
were looking for a constant and guaranteed supply of this 
material. This shortage has been caused by recent new markets 
for clean sawmill waste. The wood dealer, who for many years 
used our slabs, reached the retirement age, which left us without 
any market at all. The combination of these two conditions 
worked out very well for us, as you can see. It not only gave 
us a new outlet for our slabs, but it has also given us a market 
for our edgings and clippings, which we had not had before. 
In adding this new equipment to our sawmill operation, we 
are now able to utilize and sell all the waste products from our 
mill. The number of cords of this material that will be pro- 
duced is, as yet, not known. We have made an estimate that 
for every thousand feet of logs sawed, we shall produce at 
least two cords of bedding. By observing the amount already 
made I feel that this estimate was low. 


The sawmill operation itself is not unusual. We saw all 
square-edge lumber; it is well manufacured and stuck, and the 
market is good. Our annual cut is between 250,000 and 300,000 
board feet. We harvest less than we are growing, and in years 
to come our annual cut should be much larger. 


Many of you; no doubt, have in the back of your minds 
these questions: Why practice forestry on a watershed? What 
is the best type of growth to have on a watershed, if any? How 
does forest growth help the flow of water? I think the best 
answers to these and other questions, pertaining to watershed 
forest cover and its treatment, can be found in an excellent 
article, read before this group in Februray, 1958, and printed 
in the December, 1958, issue of the Journal of the New England 
Water Works Association. The title of the paper is “The 
management of Forested Watersheds in New England” and 
was written by Howard W. Lull, Chief of the Division of Water- 
shed Management Research, and Norman R. Tripp, Chief, 
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Section of Watershed Management, both United States Forest 
Service men stationed at Upper Darby, Pa. 

Briefly, some of the advantages derived from the practice 
of forestry here at Manchester Water Works are as follows. 
Since 1940 our department has used nearly 400,000 board feet 
of lumber cut from our forest and produced in our sawmill. 
This item alone amounts to a considerable saving over buying 
it on the open market. From this lumber we have manufactured 
boards and dimension timbers for buildings and cement forms, 
furniture for our office, plank for truck bodies, side boards and 
tail gates, blasting plugs, wedges and blocking for our pipe 
crews, bulletin boards, grade stakes for our surveying crew, lum- 
ber and timbers for bridges on the watershed, and for our pipe 
cat-walks, which support our water mains that cross the Mer- 
rimac River. 

When our new office and garage was built in 1951, all of the 
window sash was made from our lumber. These are only a few 
of the items supplied to our department from trees removed in 
our yearly forest operations. 

We have transplanted many trees from our watershed to 
areas around our two pumping stations, low-pressure reservoir, 
and office and garage property. These trees were all transplanted 
for landscaping purposes. 

Each year we entertain several classes of forestry students 
from our State University. These tours act as an outdoor class- 
room, where these forestry majors are able to observe first 
hand the results of our many operations. We also cooperate in 
any way possible with Federal and State Forestry Departments 
here in New Hampshire. By doing these things, we feel that 
we are contributing somewhat to the general forestry educational 
program. 

Perhaps I have unintentionally given you the idea that we 
have a perfect forest and forestry program here at Manchester. 
Let me say right now that this is not so. We have made mistakes 
and no doubt will continue to do so. However, we do try not 
to make the same mistake twice. 

The whole forestry profession still has a long way to go 
before we have a thorough knowledge of forestry. However, with 
the help of Federal and State organizations, industry concerned 
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with forest products, many municipalities, educational pro- 
grams, research, and interested individuals, we are making 
rapid progress in getting some of the answers. 

Regarding our forest here at Manchester, a great deal of 
credit is due the group of men who nearly fifty years ago 
started our forestry by establishing many plantations on our 
watershed, and to the many members of our Water Board 
during the past two decades, who as far-sighted individuals, have 
sponsored forestry as a byproduct to the very important busi- 
ness of furnishing water to a community the size of ours. I 
personally like to think of Past Superintendent, Percy A. Shaw, 
as the “Father of Forestry” here at Manchester Water Works, 
for it was through his efforts that a definite forestry program 
was instituted in the early 1930’s. Since his retirement, this 
program is being continued under the direction of our present 
Superintendent, James A. Sweeney. 

I hope that this paper has given you some idea of our 
forestry program, what we are trying to do, and, with nearly 
8,000 acres of forest land very suitable to growing white and 
Norway pine, what the potential can well be in years to come. 

In closing, I should like to leave with you one important 
thought, which is that lumber is the only natural resource that 
is renewable. When coal, iron, oil or any of the other natural 
resources are once produced and used, they are gone forever, 
but we can always renew our supply of lumber if it is properly 
conserved and nurtured. 
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SPECIAL USES OF CEMENT-LINED PIPE OF LARGE SIZE 
BY WALTER A. ARNOLD* 


[Read June 18, 1959.) 


The subject of cement-lined pipe is not a new one, especially 
to the water-works industry of the New England States. Cement- 
lined pipe of various types has been used here for many years. 
Jonathan Ball is credited with the original idea of cement-lining 
pipe back in the middle 1800’s, but for quite a number of years 
little use was made of the idea. Late in the 1800’s, as more com- 
plete water systems were being engineered and built, cement 
linings were extensively used both for service-pipe lines and 
transmission mains. From that time to the present cement lin- 
ings have become a very important part of the water-works 
industry. Many water pipe lines are being reconditioned and 
cement-lined, to restore them to their original carrying capacities. 
The cast-iron industry in the late 1920’s and early 1930’s recog- 
nized the necessity of cement linings in water pipe, and it has 
practically been an accepted standard in many sections of the 
country, where water conditions require metal piping to be pro- 
tected from tuberculation. Other types of lining materials have 
been tried but have not proved as practical as cement lining. 

This brief history and introduction point out the fact that 
the water-works industry is very familiar with cement linings— 
their life expectancy, their practicality, and their ability to insure 
the delivery of pure potable water through any type and size of 
pipe line. Yet, it is our belief that not all water-works men 
and/or engineers have fully considered the possibilities cement 
linings offer them, especially with regard to the use of steel pipe. 
It will be the aim of this short paper to point out some of these 
by citing some specific examples. 

A few years ago a new pumping station was built by the 
Cambridge Water Department. The piping in this installation 
was fabricated from steel pipe. It was possible by this method 
to get smooth sweeps, bends and reductions in connection with 


*Treasurer, Cement Lined Pipe Co., 93 Brookline St., Lynn, Mass. 
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the varied sizes of piping required, and thus to minimize the 
space normally necessary. All of this was possible because the 
critical internal surface could be protected by cement lining. 
Piping in this installation varied from 36 in. to 12 in. 

Recently it was necessary for the city of Newton to install 
a 12-in. pipe line across a bridge. Originally, when the bridge 
was erected a square tunnel had been built into the structure for 
some such contingency. Unfortunately, the space was not large 
enough nor properly accessible for normal methods or types of 
water pipe. It was large enough for the normal outside diameter 
of the pipe-size required, but not for a bell or a coupling. The 
job was simply and quite easily done by using cement-lined steel 
pipe in standard single random lengths, welded together. To 
get the pipe from one side of the bridge to the other, a steel cable 
was snaked through the tunnel and attached to a bulldozer on 
one side of the bridge and to a skid bracket that was welded on 
to the first length of pipe on the other side of the bridge. As 
the bulldozer pulled a length into the tunnel, the next length was 
welded on. 

To digress for a moment and answer a question which pos- 
sibly has come to some of you about the welding of cement-lined 
pipe, let me say that this is and has been a common practice for 
quite a number of years. There is no damage to the cement lining 
caused by welding. The coefficients of expansion for cement and 
iron are very close, and by using proper standard welding meth- 
ods a good joint should be routine. The normal care that is 
necessary for making any joint a good joint is all that is required. 

To cite another example: The town of Somerset, Mass., 
found it necessary, as many others have, to obtain additional 
water supply. Their only recourse was to obtain the additional 
water from the city of Fall River. This necessitated crossing 
a river about 1,000 ft or more wide. The pipe could not go on 
the bridges, as they were drawbridges, and therefore it must 
necessarily go on the bottom. Investigation by the engineers 
showed that two welded steel lines had been installed across the 
river by the local gas company and were considered very satis- 
factory, having been in service for a number of years. The engi- 
neers, after further investigation and consideration, decided to 
install a similar line for water. Welding samples were submitted 
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to the engineers, along with wrapping-material specifications, and 
a complete piping specification was drawn up by them. The 
piping they decided on was 12-in., '4”-wall, black steel, cement- 
lined pipe with bevel ends in standard single random lengths. 
This pipe was wrapped with 6-in. plastic tape, lapped 3-in., after 
being welded together. The tape was protected during installa- 
tion of the pipe by a thin corrugated shell. Dresser expansion 
joints were installed to compensate for possible movement of the 
pipe line. The steel pipe line was connected to existing cast-iron 
pipe lines of the two systems by a Dresser reducing coupling, a 
standard coupling made particularly for connecting cast-iron 
pipe to steel pipe of the same nominal size. 

There are many other specific examples of the uses of cement 
linings, such as an installation at Cutler, Me., for the Navy De- 
partment’s V.L.F. Radio Station. A network of piping, varying 
in size from 24-in. to 6-in., fabricated into various sections and 
connected with Dresser couplings, will act as the discharge for 
a cooling system devised for certain areas in this tremendous 
installation. Other installations for the Navy Department con- 
sists of steel cement-lined pipe lines of many different sizes for 
fire protection on dock areas. This pipe was used because of the 
lesser weight of steel pipe as compared to iron, and also for its 
much greater ability to span open areas, because of its strength 
without the necessity of excessive numbers of supports. These 
lines many times are used as salt-water fire systems. This type 
of piping is ideal for many bridge crossings for the reasons just 
outlined. 

Many industries use cement-lined pipe for transmission of 
corrosive liquids, such as the paper business, where it is used 
extensively for carrying bleach liquor. Metal contamination 
would be ruinous to this manufacturing process, and they look 
to cement-lined pipe for protection against such an occurrence. 
Usually these lines run quite a distance from the liquor storage 
tanks to the processing area. Most of them are suspended or 
bridged and again use the strength of the steel pipe to minimize 
the number of supports required. E. I. duPont de Nemours & Co. 
at their Pennsville, N. J., plant have an 18-in. pipe line, which 
carries the brackish and corrosive waters of the Delaware River 
for cooling one of their production processes. This line is cement- 
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lined cast-iron pipe underground and cement-lined steel above 
ground. The above-ground piping is carried on support columns, 
which cover the plant yard like a forest. Again the versatility of 
cement-lined steel pipe is evident from the standpoint of weight, 
strength, etc. 

As a last example of what can be done with this type of 
piping we cite the new Wagner Generating Station of the Balti- 
more Gas & Electric Co. of Baltimore, Md. The piping for this 
station is mostly cement-lined steel, fabricated and equipped with 
flanged ends. There are between three and four hundred pieces, 
varying in diameter from 2'% in. to 12 in., and consisting of many 
shapes and dimensions from 2!%” x 6”-long spool pieces to 
12” x 20’-long manifolds, with 12 or more outlets of different 
sizes on the run and at different points of the outside circumfer- 
ence of the pipe. Conceivably it would be almost impossible to 
design the piping for other materials. Cement lining makes such 
fabricated jobs possible and permanent, and it is our belief that 
many water-works pumping stations could be more easily de- 
signed in a like manner. 


To sum up, it has been the aim of the writer to point out, by 
a few examples, the possibilities cement lining affords the water- 
works designer, engineer, and utility, to vary his or their thinking 
when selecting piping material for specific jobs that do not fall in 
the category of the standard distribution system. 
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CONTAMINATION OF GROUND WATER 
BY SYNTHETIC DETERGENTS 


BY I. LAIRD NEWELL* AND FREDERICK O. A. ALMQUIST** 


[Read September 21, 1959.) 


About four years ago, chemists began to notice that per- 
sistent foaming was present in water from a number of well 
supplies that showed chemical and bacteriological evidence of 
contamination. Chemical analysis of these waters revealed the 
presence of synthetic detergents. Subsequent to this discovery, 
it has been the practice in one of the authors’ laboratories to test 
all samples from well supplies for foaming and the presence of 
synthetic detergents. Table 1 gives results of analysis of samples 
from some private domestic well supplies, showing foaming and 
unsatisfactory chemical and bacteriological results. 

It is possible for the soil to act as an efficient filter for a 
time and remove the objectionable bacteria, yet allow synthetic 
detergents to pass through and show chemical evidence of con- 
tamination. Results of analysis of a few cases of this type are 
given in Table 2. These show the fallacy of depending on bac- 
teriological results alone for the safety of water supplies. For 
more than three years, tests for detergents have been made on 
all samples showing suspicion of contamination. The results of 
tests of a few of these are given in Table 3. It is to be noted that 
the variation in amount of detergent can be wide. It has also 
been found that the magnitude of foaming is not necessarily a 
measure of the amount of detergent present. Odor seems to be 
present in a majority of instances where detergents are found, 
but this is not always the case. 

The problem of detergents is not confined to small domestic 
supplies, but may also be found in large industrial and municipal 
wells. 


DETERGENT COMPOSITION AND CONSUMPTION 


In recent years, both domestic and industrial users of deter- 
gents have consumed increasing amounts of the synthetic types. 


*President, The Henry Souther Engineering Co., 11 Laurel St., Hartford, Conn. 
**Principal Sanitary Engineer, State Department of Health, Hartford, Conn. 
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64 GROUND-WATER CONTAMINATION 


For the year 1958, 72% of the total soap and detergent produc- 
tion was of the synthetic type and by 1965 it is expected that as 
much as 80% of the total soap and detergent output will be 
synthetic (1). 

Table 4 shows figures for 1950 and 1958 and an estimated 
figure for 1965 for soap and synthetic detergent production. The 


magnitude of the problem can be noted by figures of billions of 
pounds per year. 


TABLE 4.—PRODUCTION OF SOAP AND SYNTHETIC DETERGENTS 


Soap Synthetic Percent 
(million (million synthetic 
pounds ) pounds ) of total 


1950 2,485 1,093 30.6 
1958 1,138 2.951 72.2 
1965 (estimated) 940 3,760 80.0 


Synthetic detergents, commonly called “Syndets,”’ are now 
used in the home to an even larger extent, and the amount is 


estimated to be about 90% of the total. 

A conventional, high-foam, home-laundry detergent com- 
position is shown in Table 5. The first two ingredients are the 
basic detergents. The phosphates are secondary detergents and 
are also dispersing and water softening agents. The silicate is 
the corrosion inhibitor. The carboxy methyl cellulose aids in 


soil suspension. The sodium sulfate introduces an electrolyte, 
which aids detergency. 


TABLE 5.—COMPOSITION OF CONVENTIONAL HIGH-FoAM HoME-LAUNDRY 
DETERGENT 


Parts 


Alkyl Aryl Sulfonate 

Fatty Alcohol Ethylene Oxide Sulfate 
Tetra Sodium Pyrophosphate 

Sodium Tripolyphosphate 

Sodium Silicate (Meta) 

Sodium Sulfate 

Sodium Carboxy Methyl Cellulose 
Perfume and Color 

Optical Dye 


Year 

q 15 

10 

40 

5 

15 

0.5 
q.s. 
0.03 
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Because of their chemical composition, Syndets do not form 
insoluble compounds with calcium, magnesium, iron or aluminum 
and are not affected by “hard” water. Conflicting statements 
have been made on the effects of synthetic detergents on bac- 
teria. Dyer (3) states: “Germicides are activated by surfact- 
ants at low concentrations. This activation increases up to the 
critical micelle concentration. With further increases, the germi- 
cidal activity decreases and may even become less than it was 
with no surfactant at all.” 


SYNTHETIC DETERGENTS 


More than 250 manufacturers now produce the surface 
active agents used in synthetic detergents. These surface active 
agents, known as surfactants, can be divided into three types, 
depending on their ionic activity. The cationic surfactants, fre- 
quently used as textile softening agents and disinfectants, but 
not as household detergents, are commonly quaternary amines, 
producing an organic positive ion. The cationic surfactants are 
classed as highly toxic (4). The nonionics, as implied, do not 
ionize in water and depend on the complete organic molecule 
for their properties. They are most frequently used in low 
foaming composition. The nonionics, used to a small extent in 
houeshold detergents, are classed as having moderate toxicity 
(4). Since nearly all of the household detergents and the great 
majority of the industrial detergents are of the anionic type, 
this surfactant is most widespread. A partial list of household 
detergents using anionic surfactants includes Dreft, Tide, Joy, 
Vel, Dash and Duz. These surfactants produce a positive sodium 
ion and negative organic ion when dissolved in water. 

The formula for the household detergent given in Table 5 
has 15 parts of anionic surfactant listed as alkyl aryl sulfonate. 
When the aryl group is benzene, the compound is known as ABS, 
alkyl benzene sulfonate. The laboratory tests for synthetic 
detergents depend on the detection and determination of ABS. 
The methylene blue test used by us is given in detail in Ap- 
pendix A (5). 

Usually the contamination of ground water may be detected 
by foaming of the water if the amount of anionic surfactant ABS 
is in excess of 1 ppm. Figure 1 is a photograph of bottles con- 
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taining 1, 5 and 10 ppm, recently shaken, to show the amount 
of foam produced. The foam produced is not necessarily pro- 
portional to the amount of detergent present. 


Fic. 1 


GROUND WATER-CONTAMINATION 


During the early part of February, 1958, investigations 
were made of consumers’ complaints of oil taste in water from 
two large wells—one 10” in diameter, capacity 500 gpm; the 
other 16” in diameter, capacity 750 gopm—supplying a town with 
a population of more than 13,000. These wells, constructed in 
1947, are about 150 ft apart and are located near a small stream, 
as shown in Figure 2. Across the stream and 500 to 600 ft from 
the nearest well (10”) is a lagoon, used for receiving industrial 
wastes from metal-cleansing, cutting and similar operations. A 
second lagoon is also nearby. Chemical analyses and bacteriolog- 
ical tests showed no evidence of pollution from septic tanks or 
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other harmful sources; however, the presence of anionic detergent 
indicated pollution from some source, such as industrial wastes. 
In spite of the presence of a flowing brook, showing no deter- 
gents, between the 10” well and the lagoons, the anionic detergent 
was traced to the lagoons. It was found that a considerable 
amount of industrial cleaner, containing synthetic detergents, 
was being discharged into the lagoons. This has now been 
stopped, and no Syndets are being received by the lagoons. The 
10” well was immediately closed down, and the 16” well, some 
140 ft farther from the lagoon, was put in operation. Periodic 
checks were made on water from this well and are given in 
Table 6. The amount of detergent present changed only slightly 
in more than three months’ operation. Therefore it was decided 
to install curtain wells between the lagoon and the brook, as 
shown in Figure 2. These wells are each 2” in diameter and 
26 ft deep, and were pumped at a total rate of 200 gpm. The 
pumping of these small wells effectively reduced the contamina- 
tion of the large wells. In four months’ pumping of the curtain 
wells, the anionic detergent fell from 10 ppm to 1.16 in the 10” 
well and from about 1.6 to 0.7 in the 16” well. At the same time, 
the detergent in the curtain wells rose from 1.9 ppm to as high as 
20 ppm, but later dropped somewhat, perhaps because of dilu- 
tion by heavy rains and abandonment of use of the lagoons for 
synthetic detergents. 

An industrial water supply, consisting of two large wells, 
located in another plant in the vicinity of the lagoons but some- 
what farther away than the 10” and 16” well mentioned above, 
have shown 0.6 ppm and 0.5 ppm anionic detergent with no 
indication of foaming. There has been no other chemical or 
bacteriological evidence of contamination. 

In connection with the search for an additional source of 
supply for a municipality, some tests were made on a well located 
about 800 ft from a stream known to carry industrial wastes. 
An analysis of water from this stream showed anionic detergent 
present as 1.2 ppm, and a sample from the well several weeks 
later contained 0.6 ppm. 

In a sub-division, three drilled wells, 100 ft deep and ap- 
parently carelessly constructed, were contaminated by household 
detergents from the three appurtenant septic-tank systems fol- 
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lowed by leaching at a distance of 75 ft from the wells in each 
case. These wells were redrilled to a depth of 200 ft with the 
top 100 sealed off, and no further trouble has been observed 
from the detergent contamination after a period of 18 months. 
In another instance, the contamination of a 100-foot drilled well 
at a distance of 175 ft during a dry-weather period disappeared 
after heavy rains, and it is believed that the dilution of the 
ground water, together with a rise in the ground-water level, 
were responsible for the improvement. The condition has not 
recurred in a period of almost two years, although the condition 
causing the contamination has also not recurred. 


SEWAGE-TREATMENT PROCESSES 


Synthetic detergents find their way into the ground water or 
into streams or surface waters by being carried in sewage, which 
is discharged either into the ground or onto the surface of the 
ground. McGauhey and Klein (6) have found that ABS will 
not interfere with sedimentation, the activated-sludge process 
or filtration in the treatment of sewage. No significant amounts 
of ABS are removed by sedimentation, such as in septic tanks. 
It is believed to have little or no effect so far as the disposal of 
sewage itself is concerned. 

Studies of synthetic detergents in sewage processes by Clair 
N. Sawyer (7) show that the alkyl benzene sulfonates (ABS), 
which comprise the largest group of anionic detergents, are quite 
biologically resistant to decomposition and pass through the 
normal sewage proceses into the receiving stream without altera- 
tion. 

Further studies by McGauhey and Klein (6) indicate that 
ABS can be removed with single-stage activated sludge up to 
50-60% and increased to 70-75% by two-stage processes. Trick- 
ling filters may remove 25%, although higher figures have been 
reported. Surface stripping may remove 83 to 92%. In spite of 
the treatment processes, large amounts of synthetics pass into 
surface streams and ground water. This inability to eliminate 
the synthetic detergents in treatment of sewage containing deter- 
gents can affect, and has affected, well supplies in the vicinity of 
streams, where the cone of influence has extended to the stream, 
and surface water is drawn into the ground water. 
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UNDERGROUND TRAVEL 


Stiles, Crohurst and Thomson (8), in tests using uranine 
dye, found that the dye appeared to float in a blanket at, or 
parallel and close to, the ground-water table. They also found 
that as pollution travels, it does not appear to expand laterally, 
but travels as a ribbon and may even contract in long distances. 

It is the authors’ opinion that the synthetic detergents tend 
to follow this pattern. In addition, we have noted few cases of 
excessive vertical diffusion. 

In our studies, we have found instances where synthetic 
detergents have traveled as much as 800 ft horizontally. This 
long distance of travel seems to be common for many chemical 
compounds. 

Table 7 shows the distance of observed travel of chemical 
pollutants (9). 


TABLE 7.—DISTANCE OF OBSERVED TRAVEL OF CHEMICAL POLLUTANTS 


Time of 
travel 


Distance of 
travel (ft) 


Nature of 


Pollution Pollutant 


Uranine dye 


Chlorinated Sewage 
Industrial Waste 
Industrial Waste 
Cooling Ponds 
Garbage Leachings 


Industrial Waste 


phenols 

picric acid 

manganese, iron, 
hardness 

miscellaneous 
leaching 

chromate 


Oil-Field Brine 
Gasoline 
Weed-Killer Wastes 


chlorides 
petroleum 


chemical 6 months 


State and local sanitary codes prescribe distances between 
sewage-disposal systems and wells which are much less than 
found for wells showing detergents in some of our tests. Experi- 
ence, however, seems to indicate that if the wells are properly 
located with respect to distances and direction of ground-water 
flow and are properly constructed and sealed, separating distances 
usually called for furnish reasonable protection, and it is ques- 
tionable whether changes need be made in the regulations until 
further studies show the necessity. 
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ToxIcITy 


Stokinger and Woodward (4) found that the anionic surfact- 
ants not containing the sulfonate group were practically non- 
toxic, but that the alkyl aryl sulfonate types, including ABS, 
which are most commonly used are classed as mild to moderately 
toxic. 

Since the amount of synthetic detergent that can be tolerated 
in water over a long period of time without adverse effect on the 
health and well-being of humans is not known, and since the 
presence of detergents in any supply is indicative of contamina- 
tion, it is not possible at the present time to qualify such waters 
as entirely satisfactory for drinking purposes. However, it is of 
interest to note that it is possible to ingest synthetic detergent, 
as a result of brushing the teeth with certain toothpastes and 
washing dishes and glassware with certain household washing 
compounds, in greater amounts than might be present in water 
which is consumed. 


In using one of the popular brands of toothpaste and rinsing 
the mouth normally, there remained in the mouth, as found by 


rinsing with an additional 200 ml of water, 1.16 milligrams of 
anionic detergent, or 5.8 ppm. 

In washing glasses with a household detergent, commonly 
used, and rinsing in a normal manner, the glass being allowed 
to drain dry, the glass was found to contain 0.195 mg of anionic 
detergent, which would give a concentration of 0.78 ppm if the 
glass were filled with water. 


REMOVAL FROM WATER 


Our tests seem to indicate that the anionic detergents are 
not affected by oxidation or soil bacteria and do not appear to 
be absorbed by any of the normal soil constituents to any great 
degree. None of the common chemical treatments of well water, 
such as chlorination, fluoridation or metaphosphate addition, have 
any effect on the detergents. The only effective methods for 
removal of synthetic detergents from potable water, known at 
this time, is activated-carbon treatment. With small household 
supplies this can be done with a pressure filter containing gran- 
ular activated carbon and is economically possible. In the case 
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of large municipal or industrial supplies, it would be necessary to 
have treatment and settling basins for use with powdered acti- 
vated carbon, together with a sand filter to remove any unsettled 
carbon, and this would be quite costly. According to Renn and 
Barada (10), it will require 50 to 89 lb of carbon to 1 lb ABS, 
when the concentration of ABS is 1 ppm, to effect satisfactory 
removal. 

Because of the difficulty in removing synthetic detergents 
from water, the location of a well in relation to the sewage-dis- 
posal system is most important in sub-divisions and other 
populated areas. Because of contamination of ground water in 
Suffolk County, Long Island, the Federal Housing Administration 
requires a minimum-size lot of 20,000 sq ft (11). They also 
require source of water supply from a water-bearing stratum at 
least 40 ft below finished ground surface, and that the depth of 
the well shall be at least 40 ft below the level of the water-bear- 
ing stratum, which means the minimum well depth shall not be 
less than 80 ft. Wells must be cased in watertight casings to a 
point at least 20 ft below finished ground surface, and be at least 
75 ft from a septic tank and 100 ft. from a seepage area. 

Research by chemical manufacturers is creating new prod- 
ucts daily, and one manufacturer has already announced the 
production of a sulphonate which has all the cleansing properties 
of the ABS type and yet can be broken jown by bacteria. It is 
known that the manufacturers of synthetic detergents are cog- 
nizant of the problem and are promoting research and studies to 
eliminate this type of contamination. 


CONCLUSIONS 


(1) The use of synthetic detergents, especially of the an- 
ionic type, is growing rapidly and increasing the problems of 
pollution. 

(2) Anionic detergents of the alkyl benzene sulfonate type 
are generally biologically resistant, pass through soil without 
change or absorption, and are unaffected by chlorination or other 
common treatment. 

(3) Ground-water supplies containing detergents nearly al- 
ways show other chemical evidence of contamination but may be 
satisfactory from a bacteriological standpoint. 
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(4) Activated-carbon treatment is the only known method 
for removal of small amounts of detergent from water. 

(5) No limits have yet been established for detergents in 
drinking water, and there is need for further study, in order that 
some limit might be placed beyond which water should not 
be used. 

(6) Other practices, such as using toothpastes with sur- 
factants and washing glassware and eating utensils with certain 
household detergents, may contribute to the amount of synthetic 
ingested. 

(7) The number of ground-water supplies contaminated by 
synthetic detergents is likely to increase, unless new non-pollut- 
ing materials in the detergent field are developed. 

(8) Some control of well pollution by synthetic detergents 
can be accomplished by proper precautions in constructing a well. 
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APPENDIX A (5) 
SYNTHETIC-DETERGENT CONTENT 
1. General Discussion 


1.1. Principle. This process depends on the formation of a blue-colored 
salt when methylene blue reacts with ABS. The salt is soluble in chloro- 
form and the intensity of color is proportional to the concentration. The 
intensity is measured by making spectrophotometric readings in this solvent 
at a wavelength of 652 of mu. The method is applicable in the 0.025-100 
ppm (as ABS) range. 

1.2. Interference. Both organic and inorganic compounds interfere 
with the determination of ABS. Some of the proved interferences can be 
predicted on the basis of chemical properties. Organic sulfates, sulfonates, 
carboxylates, phosphates, and phenols, which complex methylene blue, and 
inorganic cyanates, chlorides, nitrates and thiocyanates, which form ion 
pairs with methylene blue, are among the positive interferences. Organic 
materials, especially amines which compete with the methylene blue in the 
reaction, can cause low results. Positive errors are much more common 
than negative when determining anionics in water. 


2. Apparatus 


2.1. Graduated cylinders, 250 ml, 100 ml, 25 ml. 

2.2. Beaker, 600 ml. 

2.3. Separatory funnels, 500 ml. 

2.4. Volumetric flask, 100 ml. 

2.5. Glass wool, pyrex filtering fiber.* 

2.6. Spectrophotometer, either Coleman Junior+ or Beckman Model B.t 
Refer to the instructions with the instruments. Calibration curves should 
be plotted by running a series of ABS solutions of known concentrations. 

2.7. Glass spectrophotometer cells. For the Coleman, Selected Cuv- 


ettes, 6-300 A, 25 x 105 mm; for the Beckman, Cortex Absorption Cells, 
5.00 cm. 


3. Reagents 


3.1. Standard ABS for calibration.** 

3.2. Chloroform, cp grade. 

3.3. Sodium hydroxide, either approximately N NaOH or approximately 
20 per cent NaOH. 

3.4. Sulfuric acid, either approximately N H.SO,, or cp concentrated 
H.SO,. 

3.5. Phenolphthalein, 1 per cent in alcohol. 

3.6. Methylene blue chloride, Eastman No. P573, or equivalent. Dis- 
solve 0.1 g of methylene blue in 100 ml of distilled water. Transfer 30 ml 


*Manufactured by Corning Glass Works, Corning, N. Y. 

+Manufactured by Coleman Instruments, Maywood, Ill. 

?Manufactured by Beckman Instruments, Fullerton, Calif. 

**Obtainable from the Assn. of American Soap & Glycerine Producers, New York. 
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of this solution to a 1-liter volumetric flask. Add 500 ml distilled water, 
6.8 ml concentrated H.SO,, and 50 g of the monosodium phosphate. Shake 
until the solution is complete. Dilute to the 1-liter mark. 

3.7. Wash solution. Add 6.8 ml of cp concentrated H.SO, to 500 ml 
distilled water in a 1-liter flask. Introduce 50 g of monosodium dihydrogen 
phosphate monohydrate, ACS reagent grade, and shake until the solution is 
complete. Dilute to the 1-liter mark. 


4. Procedure 


4.1. Preparation of calibration curve. Prepare a standard solution by 
weighing an amount of the reference material equal to 1 g ABS on a 100 
per cent active basis, dissolving in distilled water and diluting to 1 liter. 
Pipet 10 mi of this solution into a second 1-liter volumetric flask and 
dilute to volume with distilled water. Prepare a series of ten separatory 
funnels, with zero, 1, 3, 5, 7, 9, 11, 13, 15, and 20 ml. of the dilute ABS 
solution, respectively. Add sufficient water to make the total volume 100 
ml in each separatory funnel. Mg ABS (in 100 ml chloroform) = 0.01 Xx ml 
of standard solution; plot mg ABS against absorbance. 

4.2. Volume of sample. The volume of the water sample to be tested 
is based on the expected ABS concentration: 


Expected ABS concen- Sample taken 
tration-ppm ml 


0.025-0.08 400 
0.08-04 250 
0.4-2.0 100 
2.0-10.0 20 
10.0-100.0 2 


If a sample of less than 100 ml is indicated, dilute to 100 ml with dis- 
tilled water; if 100 ml or more is used, extract the entire sample. 


4.3. Procedure for testing process: 


a. Make the solution alkaline by adding N NaOH, using phenol- 
phthalein as the indicator. Then acidify with N H.SO, and transfer to a 
separatory funnel. 

b. Add 10 ml of chloroform and 25 ml of methylene blue. Rock 
vigorously for 30 sec and allow the phases to separate. Excessive agitation 
may cause emulsion trouble. Some samples require a longer period of phase 
separation than others. 

c. Draw off the chloroform layer into a second separatory funnel. 
Rinse the delivery tube of the first separatory funnel with a small amount 
of chloroform. Repeat the extraction three times, using 10 ml of chloro- 
form each time. If the blue color in the water phase becomes faint and 
disappears add 25 ml more of dilute methylene blue. 

d. Combine all extracts in the second separatory funnel. Add 50 ml of 
wash solution and shake vigorously for 30 sec. Emulsions do not form at 
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this stage. Allow to settle and draw off the chloroform layer through the 
glass wool into the volumetric flask. Repeat the washing twice more with 
10 ml of chloroform each time. Rinse the glass wool and the funnel with 
chloroform. Collect the washing in the volumetric flask, dilute to the mark, 
and mix well. 

e. Determine the absorbance of the solution at 652 mu. using a glass 
cell against a blank of chloroform, according to the instructions furnished 
with the spectrophotometer. 


5. Calculation 


The total apparent ABS of the sample may be calculated by the 
formula: 


mg ABS from calibration curve x 1,000 
ABS (ppm) = mg/l ABS = 
sample taken (ml) 


BANGOR’S NEW UPLAND POND SUPPLY 


BANGOR’S NEW UPLAND POND SUPPLY 
BY DONALD P. JOHNSTON* 


[Read September 21, 1959.) 


Mr. Chairman and members of the New England Water 
Works Association: The last time I gave a paper before this 
organization was the Fall of 1952. The title of that paper was 
“History and Problems of the Bangor Water Department.” 
We had many problems at that time. Since then we have elimin- 
ated some of them, and things are looking somewhat better at 
present. 

As you know, Bangor, Maine, is known as the queen city 
of the East and is located at the head of tidewater on the 
Penobscot River. Since 1875 the city has taken water from the 
river, and since 1875 we have been plagued with pollution in one 
form or another. First was the sawdust and bark from the lum- 
bering operations which made our State famous; then came the 
sulfites from the pulp mills which located on the river, and with 
it all was the ever-increasing amount of domestic sewage. 
Naturally the taste of the water reflected the increasing amount 
of chemicals added to it to keep it safe for domestic consump- 
tion; and in 1950 the Saturday Evening Post in an article on 
the city described the water as tasting like “rotten sawdust and 
moose tracks.” 

The different Water Boards and groups of citizens down 
through the years have been attempting to correct the situation 
with good-quality water from many of the lakes in the vicinity. 
Way back in 1904 a typhoid epidemic with 540 certified cases so 
alerted the citizens to the condition that a hearing was held 
before the Judiciary Committee of the State Legislature, and 
an Act for a Bangor Water District was signed by the Governor 
on March 21, 1905. 

This Act and many others like it were defeated, however. 
Almost every major hydraulic engineering firm in the East had 
made a survey for us at one time or another. George Sampson 


*Superintendent, Water District, Bangor, Me. 
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of Weston & Sampson, Paul Howard of Whitman & Howard, and 
Thomas Camp of Camp, Dresser & McKee are only a few of the 
men with whom we’ve had the privilege of working. We even 
designed a system ourselves, which was filed because a cost of 
2% million dollars back in 1934 seemed excessive. 


In 1957 a new group of energetic Trustees studied the prob- 
lem. Again a new bill was written. It was approved by the State 
Legislature in 1957, and the Trustees went to work to see what 
they could do. An intensive selling campaign was launched 
through the newspapers, radio and television. Talks were made 
before the different Organizations in the City, and an informa- 
tional leaflet was mailed to every water user. 

The following questions together with many more were 
answered: 


Why is a new system necessary? 

What is the reason for a Bangor Water District? 

What will be the total cost? 

Will it mean an increase in taxes? 

Do the members of the present Water Board unanimously 
approve of this plan? 

What will happen to the present water system? 

Will we have to replace our present pipes? 

What are the new sources of water? 

Is the proposed supply adequate? 

Could some other community or District use these lakes 
if the referendum is rejected on May 6th? 

How will its purity be protected? 

Who will supervise the District? 

How will the water rates be determined? 

How long before the new water will be available, if the Dis- 
trict is accepted on May 6th? 

How much is it going to cost “me’’? 


To me, however, the most convincing part of the whole 
campaign came shortly before the citizens went to the polls to 
vote. We knew that a picture is better than many words, and 
we knew that there was a lot of muck and slime in the mains. 
To demonstrate what the river water was doing to the system, we 
selected a water meter which had been in service for several 
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years. It was placed on a table in front of the television camera 
and opened. With a silver spoon we then spooned out the 
muck and slime and placed it on the table. 

The next day I had approximately 7,000 telephone calls; 
everyone in the city wanted his meter changed. 

The campaign worked, however, and on May 6, 1957, 
the citizens of Bangor voted 3,340 to 690 for the following 
Enabling Act: The territory and people comprising the City of 
Bangor were created a body politic and corporate under the 
of Bangor Water District, the purposes of said District being 
to supply the inhabitants of the District with pure water for 
fire-prevention and protection purposes and for domestic, 
sanitary, commercial, industrial and other lawful purposes, 
to take over, control, manage and operate the water system 
then owned by said City of Bangor with all appurtenances 
thereto, to extend, increase, enlarge and improve said system, 
and generally to provide a water system for proper purposes 
and for the health, comfort and convenience of the inhabitants 
of the District. 

The Engineers selected for the task of furnishing us with 
a new supply of water were Malcolm Pirnie Engineers of New 
York City. 

Our new source is the Floods Pond drainage area, located 
approximately 15 miles east of Bangor. The water is clear, soft 
and palatable. The watershed has an area of 8.34 sq mi, of 
which 1.53 sq mi are water surface, including two additional 
ponds. The estimated dependable yield of Floods Pond is 
about 7.1 mgd, and this can be increased in the future by diver- 
sions from Spectacle and Beech Hill Ponds. Our present con- 
sumption is about 3% mgd. In order to protect the source of 
water, the District has acquired a strip 200 ft wide completely 
around the periphery of Floods and Burnt Ponds. 

The system includes intake and pumping facilities at the 
west end of Floods Pond. The intake consists of two 36-inch 
pipes, one in about 10 ft of water and one in about 20 ft of water. 
The lake water will pass through fine screens into a pump well. 
Four vertical, well-type, electrically driven pumps are pro- 
vided, each having a capacity of 4 mgd. Two are provided 
with auxiliary drives. Facilities are provided at the pumping 
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station for chlorinating the water and for the application of 
lime and soda ash, to prevent excessive corrosion of cast iron 
mains in the distribution system. An operator’s residence will 
be near the pumping station. 


The transmission facilities include a 30-inch pipe line 
from Floods Pond to the Penobscot River. It is located along 
the northerly sides of Burnt Pond, Little Burnt Pond and Snow- 
shoe Pond, and thence generally westerly to East Eddington. 
From this point the pipe has been installed in the northerly side 
of the Right of Way of Route 9 as far as Eddington. Two 24- 
inch mains cross under the Penobscot River. 

On the westerly side of the River a 30-inch main extends 
to a pressure-reducing valve chamber at the intersection of Mt. 
Hope Ave. and Hogan Rd. A 24-inch line continues a short 
distance to junctions with the existing distribution system. 


A 4-mil gal steel storage tank has been constructed on 
District property adjacent to the existing 2-mil gal Essex Street 
Storage Tank. These tanks are supplied through the existing dis- 
tribution system. 


The system is designed to operate automatically off the level 
of water in the new Essex Street Tank. Electrical impulses 
controlled by this level will be transmitted over leased telephone 
wires to the pumping station, where they will turn the pumps on 
and off as required. The chlorination facilities will be operated 
automatically from the starters of the pumps. The chemicals 
for corrosion control will be fed automatically by an electrical 
signal from the flow meter. 


In case a telemeter failure occurs the operator can operate 
the pumps manually. In case of power failure, two pumps are 
provided with gasoline drives. A gasoline-driven auxiliary 
generator is also provided, to supply station lighting, and a 
radio transmitting station is provided in case of telemeter or 
telephone failure. 


The system was financed with a $4,000,000 bond issue at 
an interest cost of 3.75%. Of this amount $1,290,000 is in 
Serial Bonds maturing through March 1, 1998, and the remainder 
is in Term Bonds. 
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RATE SCHEDULE APPLIED FOR ANNUAL FIXTURE RATES FOR 
WATER TO RESIDENTIAL CONSUMERS 


For Use by Single Family for 
First faucet 
Each additional faucet or fixture not specifically 
listed herein 
First Water Closet 
Each additional water closet 
Wash bowl, each 
First bathtub, or shower not connected with bathtub 
Additional bathtub, or shower not connected with 
bathtub, each 
Laundry tub, set, including two 
Laundry tub, set, over two, each 
Washing machine, connected to home plumbing 
Sill cock or hose held in hand 
Lawn sprinkler or hose not held in hand 
Garbage Disposall 
Minimum rate for Residential Consumers 


A cold-water fixture and hot-water fixture which empty into the 
same receptacle shall be considered as one fixture. 


MISCELLANEOUS CONSUMERS 
Circus 
Each ring, per day 
Plus cost of operating labor 


ANNUAL RATES 
FIRE PROTECTION — PRIVATE SERVICE 


For each fire hydrant installed on owner’s premises 

For standpipes having fire-hose connections, each opening 
Automatic Sprinklers 

For each four-inch connection 

For each six-inch connection 

For each eight-inch connection 

For 100 sprinkler heads or less 

For each additional sprinkler head above 100 


FIRE PROTECTION — PUBLIC SERVICE 


the total 565 hydrants, including the 552 in 
service on mains existing on December 31, 1958, 
and the 13 in the completed project under con- 
struction, a total amount per year of $89,240.00 
each hydrant on existing mains in addition to 
the 565 as listed, an amount per year of 160.00 


| 
$10.00 
4.00 
6.00 
2.20 
2.20 
: 6.00 
2.20 
2.00 
1.00 
4.00 
5.50 
9.00 
4.00 
10.00 
$60.00 
6.00 
; $20.00 
2 30.00 
50.00 
2.00 
02 
! 
For 
For 
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Rates for hydrants installed on new mains are to be determined by the 
then local conditions and submitted to the Maine Public Utilities 
Commission for approval. 


CITY PUBLIC WORKS 


For city parks, winter service, including skating rinks $225.00 
All fire-protection charges are to be billed quarterly in advance 
payable within thirty days. 


QUARTERLY AND MONTHLY RATES FOR WATER TO 
METERED CONSUMERS 


QUARTERLY RATE 


For the first 1,200 ft per quarter .50 per 
For next 19,800 ft per quarter .22 per 
For next 129,000 ft per quarter .20 per 
For next 1,350,000 ft per quarter .14 per 
For all in 

excess of 1,500,000 ft per quarter .10 per 

MONTHLY RATE 

For the first 400 cu ft per month 50 per 
For next 6,600 cu ft per month .22 per 
For next 43,000 cu ft per month .20 per 
For next 450,000 cu ft per month .14 per 
For all in 

excess of 500,000 cu ft per month .10 per 


MINIMUM CHARGE 


Size of Water allowance 
meter Minimum charge (cu ft) 
(inches) Quarterly Monthly Quarterly Monthly 


$2.00 1,200 400 
2.66 2,100 700 
3.76 3,600 1,200 
6.40 7,200 2,400 
9.92 12,000 4,000 
18.50 24,000 8,000 

26.50 36,000 12,000 

50.50 72,000 24,000 


In closing, I regret to say that the moose are fast disappear- 
ing from the Maine scene. I am not sorry, however, that we are 
washing the smell of his tracks from Bangor’s drinking water. 


100 cu ft 
a 100 cu ft 
oa 100 cu ft 
3 100 cu ft 
3 100 cu ft 
100 cu ft 
100 cu ft 
ae 100 cu ft 
a 100 cu ft 
100 cu ft 
7.98 
1 11.28 
1% 19.20 
2 29.76 
3 55.50 | 
a 4 79.50 
6 151.50 
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MEMOIR OF HAROLD W. GRISWOLD 


Harold W. Griswold, Past President of the New England 
Water Works Association, died at the Manchester Memorial 
Hospital, Manchester, Conn., on August 27, 1959, following a 
brief illness. 


Born in Hartford, Conn. on December 21, 1886, the son 
of the late Frank C. and Agnes (Wiley) Griswold, he attended 
the Hartford public schools and graduated from Massachusetts 
Institute of Technology in 1908 with a B.S. degree in Civil 
Engineering. Except for a brief period with the Chicago & 
North Western Railroad immediately following graduation, Mr. 
Griswold worked the first five years of his professional career 
with the Corps of Engineers, U. S. Army, on various river-im- 
provement projects in Alabama and Tennessee. 


In June, 1913, he joined the engineering staff of the Hartford 
Board of Water Commissioners and continued with its successor, 
The Water Bureau of the Metropolitan District, until his 
retirement as Deputy Manager and Deputy Chief Engineer on 
January 1, 1947. During this period the Nepaug and Barkham- 
sted water-supply projects were developed. In World War I he 
accepted an assignment with the government to work on emer- 
gency contracts, involving the water-supply system at the 
Norfolk Navy Yard. Following his retirement he worked as a 
consultant on water-supply matters. 

Mr. Griswold joined the New England Water Works As- 
sociation in April, 1929. He served on numerous committees 
and was an active participant in all activities of the Association, 
of which he was President in 1945-1946. He was also a member 
of the American Water Works Association, the American Society 
of Civil Engineers and the Connecticut Society of Civil Engineers. 
He was a vestryman of Trinity Episcopal Church in Hartford, 
where he resided. 

Mr. Griswold is survived by his wife, Mabel Laraway 
Griswold. 
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Harold W. Griswold was a kindly, affable man and an ex- 
tremely capable engineer, who contributed much to the develop- 


ment and operation of the water-supply system with which he 
was so long associated. 


WARREN A. GENTNER 
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PROCEEDINGS 
NOVEMBER 1959 MEETING 


STATLER-HILTON HoTEL, Boston, Mass. 


THURSDAY, NOVEMBER 19, 1959 


President Warren A. Gentner in the Chair. 


Secretary Knox announced the election by the Executive 
Committee of the following new members: 


Robert J. Smith, with Camp, Dresser & McKee, Boston, 
Mass. 


Corporate 
Lebanon Water Department, Lebanon, N. H. 


PRESIDENT GENTNER. I know of no more fitting person 
to perform the next ceremony than the chairman of the Scholar- 
ship Committee, and the man who did so much towards the 
establishment of the Scholarship Fund—Mr. William B. Duffy. 
| Applause | 


Wittiam B. Durry. President Gentner, invited guests, 
members of the New England Water Works Association: The 
New England Water Works Association Scholarship Program was 
adopted in May, 1956. In September, 1958, at Poland Spring, 
Me., the first Scholarship Grant was made to Frank Wyskiel, 
a resident of Manchester, N. H., and a student at Cornell 
University, Ithaca, N. Y. 


At our Lake Placid Convention in September this year, 
announcement was made of the second Scholarship Award. 
The recipient, Alan Ferry, is a Junior Member of the Association 
and the son of Clarence E. Ferry, a member o fthe Association 
and Superintendent of Distribution of the Manchester Water 
Works, Manchester, N. H. Alan Ferry has worked the past 
two summers with the Division of Sanitary Engineering of the 
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New Hampshire State Department of Health. He is a student 
at the Massachusetts Institute of Technology. 


It is a great pleasure for me, on behalf of the New England 
Water Works Association, to present to you, Alan, this Scholar- 


ship grant of $300 and to wish you every success in your studies. 
| Applause | 


ALAN Ferry. I thank you, Mr. Duffy, and thanks to you 
all. The only thing that you are interested in is how and where 
your money is being spent. As you go over Harvard Bridge and 
look out the window you see some worried-looking buildings; 


that is M.I.T., and that is where the money is going. Thank 
you. [Applause | 


A paper on “The Public-Relations Program of the Water 
and Sewage Works Manufacturers Association’’ was read by 
George W. Kelsey, President-elect of the Water and Sewage 
Works Manufacturers Association, Inc., and Vice-President of 
B-I-F Industries, Inc., Providence, R. I. 


A paper on “Financing Water-Works Construction in New 
England” was read by William P. Coues, Vice-President, Boston 
Safe Deposit & Trust Co., Boston, Mass. 


A movie—‘“Pipe Walls without Welds”—was presented 
through the courtesy of the United States Steel Corp. 


DECEMBER 1959 MEETING 
STATLER-HILTON HoTeEL, Boston, 


THURSDAY, DECEMBER 17, 1959 


President Warren A. Gentner in the Chair. 


Secretary Knox announced the election by the Executive 
Committee of the following new members: 


John H. Driscoll, Administrative Clerk, Water Department, 
Stoneham, Mass.; .Edwin Dunbar Callahan, Superintendent 
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of Public Works, Stoneham, Mass.; John C. Nordeste, Jr., 
Superintendent, Water Department, Somerset, Mass. 


Reinstated 


Herbert D. Nickerson, Senior Sanitary Engineer, Massachu- 
setts Department of Public Health, Boston, Mass. 


A paper on “Experiences in the Application of Fluorides 
to Public Water Supplies in Northeastern Massachusetts” was 
read by Herbert D. Nickerson, Senior Sanitary Engineer, Mass- 
achusetts Department of Public Health, Boston, Mass. 


A paper on “Observations of Water Supplies and Related 
Matters in Egypt” was read by J. Carrell Morris, Associate Pro- 
fessor of Sanitary Engineering, Harvard University, Cambridge, 
Mass. 


A movie—‘The Snows of Tutapaca’’—a 16-mm sound film, 
was presented through the courtesy of the Lock Joint Pipe Co. 
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ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 


Incinerators 


68 Devonshire St. .... Boston, Mass. 


Fay, Spofford & Thorndike, Ine, 


ENGINEERS 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations 
Designs 


Reports Valuations 
Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 
Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


INC. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Valuations 


Statler Building 
Boston 16 


Airports 


R. E. CHAPMAN COMPANY 


Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes te 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON 


GERAGHTY, MILLER & HICKOK 
Ground-Water Geologists 


Location and Evaluation of Industrial 
and Municipal Ground-Water Supplies 


Recommendations for the Solution of 
Ground-Water Problems 


60 East 42nd St., New York 17, N. Y. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


18 Tremont Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


Leggette, Brashears & Graham 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue New York 17, N. Y. 


ii 
$$ $$$ $$$ $$$ 
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ENGINEERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Rebert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply and Sewerage 


Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER ASSOCIATES, INC. 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 

Established 1869 
Investigations, Designs, Estimates, 
Reports and Supervision, Valua- 


tions, etc., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 
Associates 


Engineers 


14 Court Square Boston 8, Mass. 


PIERCE -PERRY CO. 


Wholesalers ef 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 
ENGINEERS 


Richard Hazen Alfred W. Sawyer 


H. E. Hudson, Jr. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., N. Y. 17, N. Y. 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - Kirkland 7-1438 
Cambridge, Massachusetts 


LAYNE - NEW ENGLAND 
COMPANY 
A Branch of Layne - New York Co., Inc. 
Water Supply Contractors 
Gravel Packed Wells 


15 Ryder Street, Arlington, Mass. 
Phone Mission 8-5898 


IRONITE WATERPROOFING 
MEMBRANE WATERPROOFING 
ESTERN 
ATERPROOFING CO., INC. 
82 West Dedham St. Boston 18, Massachusetts 
COmmonwealth 6-4100 
Waterproofing Contractors 


No Materials For Sale 


ay 
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DRESSER MUELLER 


THE 


two most comprehensive lines in their respective fields; for the 
Water Works people in the entire United States. Every water 
works man is more or less familiar with each line, its breadth, its 
uses, its quality, and its stability. 


WE, THE 
GEORGE A. CALDWELL COMPANY 


are proud to have attained the largest, most complete distributor- 
ship of these two lines in our trading area. May we serve you 
from our maintained stocks of more than 20,000 units of these 
two lines at our warehouse at 


592 EAST FIRST ST., SOUTH BOSTON 27, MASS. 
PHONES: ANdrew 8-1172 and 8-1173 


| Sales, consultants, complete Engineering and Planning service available 


Tel. Garfield 9-4888 or Overland 4-7298 


THE E. H. CARROLL COMPANY 


SOUTH WILLINGTON, CONN. 


SPECIALISTS IN LOW TOXIC WEED AND BRUSH CONTROL 


CHEMICALS FOR WATER SHED AREAS 


at your request. 


iv 
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AUTOMATIC VALVES 


< 


Controls 


elevation : 
A self contained 
of water ere 
unit, with 
in 
tanks, basins controls 
three or more 
and : 
automatic 
reservoirs 


ALTITUDE VALVE 


= Combination automatic control both di- 
rections through the valve. 


Maintains 
desired discharge 
regardless 
of change Maintains 
in safe operating 
rate of flow pressures 
pressure for 
conduits, 
distribution and 
pump 
REDUCING VALVE discharge 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin Electric 
1. As direct | Temote control— 
acting. solenoid or 
motor 
2. Pilot _oper- can be 
ated and with furnished 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- REMOTE CONTROL VALVE 


tion. 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
FLOAT VALVE controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 


* SURGE-RELIEF VALVE 
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ADVERTISEMENTS. 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 Ib. moisture- 
proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form — 
packed in 50 Ib. cartons — 2 litters of pigs to the 
box — 24 easy-to-handle Littlepigs. Easier to ship, 
handle and store. 


(REELS) 


The sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


DEVELOE CORPORATION 


3 
> vii 
WHEN THE FIRST HYDRO-TITE JOINT: 
WERE BEING POUE 
ar 
a 
| 
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HY DRO-TITTE 
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Tel. HILLTOP 3-8855 P. O. BOX 248 


HILCO SUPPLY, INc. 


delivers 


A Complete Line of Waterworks | 
Supplies To All New England | 


Quality Products — Fast, Courteous and Dependable Service 

MUELLER - KEASBEY & MATTISON - PIONEER 
At the Junction of Routes 20 and 27 
SUDBURY, MASSACHUSETTS 


SPECIALISTS IN 
WATER WORKS 
PAINTING SYSTEMS 


The KING TRIPLE LEADKOTE and ZDO-120 SYSTEMS 
offer proven defense against corrosion as well as defense 
in formulation against improper application. 

No taste impartment 
Corrosion prevention 
Maximum durability 
Send for Bulletin 57070, containing full analytical and 
application specifications on KING TANK COATINGS 
SYSTEMS. 
Technical Representatitves: 
In Maine — Arthur Burke 
7 Manley St., Augusta, Me. 
In So. N.E. — John F. Pendleton 


29 Sea St., Manchester, Mass. 


NW THE WILBUR & WILLIAMS CO., INC. 
eo Factory and General Offices 
663 Pleasant St., Norwood, Mass. 


KING DIVISION 


Viii 
| 
| 
| 
| 
Makers 


A NEW NAME 
IN THE WORLD OF 
WATER METERS 


On January 1, 1960 twoof the oldest and 
best-known names in the field of water 
measuring equipment joined forces. 
Hersey Manufacturing Company of 
Dedham, Mass., and Sparling Meter 
Company of El Monte, Calif., have 
merged under the name Hersey- 
Sparling Meter Company, with execu- 
tive offices in Dedham, Massachusetts. 


The new organization supplies 
meters ranging from smal! household 
models up to meters for pipe as large 
as 19 feet in diameter. 


HERSEY-SPARLING 
METER COMPANY 


DEDHAM, MASSACHUSETTS 
@ Branches In Principal Cities 


L 
: 
=> 
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all this hy trailer mounted booster pump 


and 
radio 


too, 


helps NATIONAL clean water mains | faster, better and more economically 


The highly specialized equipment 
employed by the National Water 
Main Cleaning Co. today includes: 
walkie-talkie radio systems for 
maintaining constant communication 
between the point of operation and 
control valves or pumping stations, 
magnetic locators for tracing under- 
ground pipe, truck-mounted pumps for 
dewatering, trailer-mounted booster 
pumps for stepping-up pressure, pipe 
cutting machines and a tremendous 
variety of cleaning heads developed 
to meet the requirements of varying 
pipe sizes, conditions and layouts. 

Even more important than adequate 
equipment is the experience necessary 
to cope with all conditions and situations. 
The nature of the obstruction, varying 
pipe sizes, unusual pipe layouts, the 
character of the water — a!; make each 
cleaning assignment an ind$idual problem 
calling for specialized experience, skill and pipe cutting machine 
equipment. 

We'll be glad to check the condition of 
your water mains, recommend the required 
treatment and estimate the cost of National 
Water Main Cleaning service. Write today. 


portable pump 


new 18” head 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street, New York 7, N.Y. 


333 Candler Building, ATLANTA 3, GA., 920 Grayson St.. BERKELEY, CALIF., 115 Peterboro 
St., BOSTON 15, MAS., 533 Hollis Road, CHARLOTTE, N.C., 8 So. Dearborn St., Rm. 808, 

CHICAGO 3, ILL., P. O. Box 385, DECATUR, GA., 2024 Merced Ave., EL MONTE, CALIF.. 
315 N. Crescent St.. FLANDREAU, SO. DAKOTA, 3707 Madison Ave., KANSAS CITY, MO., 
200 Lumber Exchange Bldg., MINNEAPOLIS 1, MINN., 510 Standard Oil Bldg.. OMAHA 2, 
NEB., 2910 W. Clay St., RICHMOND 21, VA., 502 West 3rd South, SALT LAKE CITY 16, 
UTAH, 204 Slayton St., SIGNAL MOUNTAIN, TENN., 424 S. Yale Ave., VILLA PARK, ILL., 
7445 Chester Avenue, MONTREAL, CANADA, 576 Wall St., WINNIPEG, MANITOBA, 
CANADA, rg yt de Correos #5, BOGOTA, COLOMBIA, Apartado 561, CARACAS, 
VENEZUELA, P. O. Box 531, HAVANA, CUBA, oo Apartado 2184, San Juan 10, 
PUERTO RICO, Bolivar 441-A, Marafi., LIMA, PERU 


x 

% magnetic locators 
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corrosion, 
negligible 
maintenance and 
continued high 
carrying capacity 

with Transite Pipe.” 


JOHNSON & ANDERSON, INC., CONSULTING ENGINEERS. PONTIAC, MICH. 


“First cost and economical operation make Johns-Manville’s Transite Pipe 
a practical long-term investment,” say Messrs. Johnson and Anderson, con- 
sulting engineers, pictured below. “Despite this economy its performance 
is superior in many ways. There’s no corrosion, negligible maintenance 
and continued high carrying capacity ... helping through the years to 
save in the operation of the system. These many economies make it easier 
for communities to build and expand their water systems.” 

Transite’s maintained carrying 
capacity keeps pumping costs low. 
Its strength, durability and corro- 
sion-resistance cut maintenance— 
provide years of trouble-free serv- 
ice. Further savings are effected by 
the sure coupling method that as- 
sures a tight seal at every joint. 
Add to this Transite’s natural inte- 
rior smoothness and you see why it 
helps reduce community water sys- 
tem costs. Let us send you “Facts 
and Data for Engineers” book. 
Write Johns-Manville, Box 14 
(JA-2), New York 16, N. Y. 


| 
xl 
= 
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Foxboro M/40 Ratio Controllers regulate exact 
amount of liquid alum being added to raw water. 


% AL,O, flows right through the Foxboro 
Integral Orifice d/p Cell. There are no 
pressure taps — nothing to bind or plug up. 


Problem of metering liquid alum 
solved with the Foxboro Integral 
Orifice d/p Cell’ transmitter 


Unique system helps Salem and Beverly Water Board 
save $2000 per year in water treatment costs 


The Salem and Beverly (Massachusetts) 
Water Supply Board had a problem. They 
wanted the economy of liquid alum as a 
coagulant for water treatment. However, 
conventional metering devices tended to 
“coat” or bind when exposed to alum-and- 
water solution. Continued, accurate meas- 
urement was impossible. 

Installation of Foxboro Integral Orifice 
d/p Cells proved the perfect answer. Since 
this unique transmitter can meter flows as 
tiny as .003 gpm, it permits ratioing alum 
syrup direct to raw water — without the 
problems of dilution. What’s more, its 
wide rangeability permits using the same 
transmitter for both summer and winter 
alum feed requirements. 


In over 2 years of operation, Salem and 
Beverly report, “there has n no evi- 
dence of plugging of our Integral Orifice 
d/p Cells — measurement has been stable.” 

Providing stable measurement of liquid 
alum is just one of the ways Foxboro con- 
trol can improve your operating efficiency. 
Ask your Foxboro Field Engineer for com- 
plete details — or write for Bulletin 1-15. 
The Foxboro Company, 203 Norfolk St., 
Foxboro, Mass. 


*Trade-Mark 


FOXBORO 


U.S PAT. OFF. 


é 
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Whatever your A.W.W.A. Valve 
requirements... 


check FIRST with 


KENNEDY VALVE 


Bis KENNEDY A.W.W.A. the job, regardless of size. 
Valve, now in service, is a 48” 
KENNEDY fig. 56IAEM non- 


rising stem flanged gate valve 


Since 1877, KENNEDY Valve 
has been manufacturing quality 
valves, some of which are still 
in service. This KENNEDY ex- 


perience and know-how can 


with enclosed cast steel cut 
teeth spur gears and 8” by-pass. 
Railroad tracks in the fore- : 
help you cut maintenance costs 


ground indicate overall valve 
with long, trouble-free service 


life. 

Here's another practical So, whatever your A.W.W.A. 
demonstration of KENNEDY Valve requirements, consult 
Valve's ability and experience KENNEDY frst. Be sure to get 
in providing the right valve for the best! 


size. 


© Write for detailed Brochure 561 
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PRESCOTT... 


SERVICE 
SINCE 


50 YEARS IN 50 MINUTES 


H. R. 
PRESCOTT 
& 
SONS, 
INC. 


BOX 7 
Greendale Station 
Worcester, Mass. 


Telephone: 
W. BOYLSTON 
TEmple 5-4431 


FLEXIBLE’S PATENTED PRESSURE TOOL with its 
two counter rotating heads, saw tooth head and cutting 
and scraping heads removes in minutes the accumula- 


tion of years. 


NEW ENGLAND PIPE CLEANING CO. has been doing 
those “impossible” jobs day and night throughout the 
New England States. Operating under all conditions 
with experienced engineers having over twenty years of 
“know how,” NEW ENGLAND PIPE CLEANING CO. 
has been saving money for far sighted water depart- 


ments. 


Also, a complete sewer cleaning service is available. 


THE NEW ENGLAND PIPE CLEANING CO. 


140 Rock View Dr., Cheshire, Conn. 41 Greenway St., Hamden, Conn. 


1914 | 
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FLANGED PIPE AND SPECIALS WATER WORKS BRASS GOODS 
CURB AND GATE BOXES HYDRANTS AND VALVES 

AQUA BRASS GOODS PIPELINE EQUIPMENT AND TOOLS 
WROUGHT IRON AND STEEL CEMENT LINED PIPE 


LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 
591-593 WASHINGTON STREET LYNN, MASSACHUSETTS | 


R. H. WHITE CONSTRUCTION CO., Inc. 


GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations | 
Sewerage Disposal 

41 CENTRAL ST., AUBURN, MASSACHUSETTS 


(Tel. Auburn TErrace 2-4121) 


PIPE FOUNDERS SALES CORPORATION 
CAST IRON 
PIPE AND FITTINGS 


141 MILK STREET : BOSTON 9, MASSACHUSETTS 
LI 2-2885 


ADAMS STAINLESS STEEL BROKEN-PIPE CLAMPS 


FOR CAST IRON, ASBESTOS-CEMENT & STEEL PIPE 
SPLITS, BREAKS & COUPLING REPLACEMENT 


2” - 36” diameter 6" - 36” long 


DANIEL L. JERMAN 


Stock at: 784 SALEM STREET, TEANECK, N. J. 
TEaneck 7-4188 
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PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 


“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 

“DRESSER” Couplings, Sleeves, Clamps. 

“FORD” Meter Test Benches, Yokes, Copper Horns. 

“J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW ship your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco” Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 
93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 


Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


Torrington Supply Company, Inc. 
Water Works Distributors 


MUELLER BRASS GOODS — _ STEEL PIPE 
MUELLER TAPPING SLEEVES AND GATES — TOOLS 
MUELLER HUB END VALVES — WATER PUMPS 
COPPER TUBE AND BRASS PIPE 


125 Maple Street, Waterbury, Connecticut 
Telephone — PLaza 6-3641 
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Clarence I. Sterling, Jr. 
Engineering Consultant 


Water Resource Development - Water Supply 
Sewerage - Industrial Wastes - Refuse Disposal 


Investigations - Reports - Designs 
Water Rate and Sewage Assessment Studies 


73 Tremont Street Boston 8 
Telephone, Richmond 2-4362 


TIGHE & BOND 


Consulting Engineers 


Civil, Sanitary and Electrical 
Engineering 
Investigations & Reports 
Plans & Specifications 
Supervision of Construction and 
Operation 


Bowers and Pequot Streets 
HOLYOKE, MASSACHUSETTS 


FOR. 


water service 
products 


IT PAYS 
TO BUY 


CURB STOPS 


Service 


| 


GENERAL PRODUCTS DIVISION 


MEG. 
ERIE, PA. 


Xvii 
4 
| 


* 
e 


ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


ASBESTOS—CEMENT PIPE 


BRASS GOODS. 
Caldwell Co., George A. = aa iv 
Eureka Cement Lined Pipe Co. xv 
~ Fellowing front cover 


BROKEN PIPE REPAIR CLAMPS. 
Hileo Supply, Ine. 

CALKING MACHINERY AND TOOLS 
Hydraulic Development Corp. sbaahtaliaghsantedeniacsiesmeagimmminaidimmalasiaal vii 
Following front cover 

CAST IRON PIPE. (See Pipe, Cast Iron.) 

CEMENT LINED PIPE. (See Pipe, Cement Lined.) 

CHEMICAL FEED APPARATUS. 


CHLORINATORS. 

Wallace & Tiernan Co., Ine. ............ cinnndaniebneeuaeidemiedinentiais Following front cover 
CLAMPS. 


Hileo Supply, Inc. ...... 
D. L. Jerman ..... 
CLEANING WATER MAINS. 
National Water Main Cleaning "Co. . sesieanetnintaniicnei x 
New England Pipe Cleaning Co. 


xiv 
COCKS, CURBS AND 
Caldwell Co., George iv 
xvii 
Hileo Supply, viii 
Mueller Co. front cover 
Pierce-Perry Co. . ti iii 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONTRACTORS’ EQUIPMENT. 
CONTRACTORS. 
COUPLINGS, FLEXIBLE PIPE. 


CURB BOXES. 
Bingham & Taylor Corp. 
Caldwell Co., George A. 
Eureka Cement Lined 
Hays Mfg. Co. 
Hileo Supply, Inc. 
Mueller Co. 
Pierce-Perry Co. 
H. R. Prescott & Sons, Inc. ...... 
Public Works Supply Company . 

DIAPHRAGMS, PUMPS. 
B-I-F Industries, Inc. 


Following front cover 

ENGINEERS. 
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xix 
Pirnie Engineers, Malcolm iii 
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FEED WATER FILTERS. 


B-I-F Industries, Inc. Following front cover 

Foxboro Co., The xi 

Ross Valve Mfg. Co., Inc. .... xv 
FILTRATION PLANT EQUIPMENT. 

B-I-F Industries Following front cover 

Foxboro Co., The ....... xii 
FLAP VALVES. 

Eddy Valve Co. Following front cover 

Hileo Supply, Inc. viii 
FLEXIBLE JOINTS. 

U. S. Pipe and Foundry Co. Following front cover 
FURNACES. 

Hilco Supply, Inc. viii 

Hydraulic Development Corp. vii 

Leadite Co., The Back cover 

Following front cover 

Pollard Co., Joseph G.. ............ Following front cover 

H. R. Prescott & ! & Sons, Inc. tiv 

Public Works Supply Company xvi 


GATE VALVES. (See Valves.) 
GENERATOR SETS 


Cummins Diesel of New England, Inc. Following front cover 
GUNITE CONSTRUCTION. 

Gunite-Restoration Co., Inc. ii 
HOSE, SUCTION AND CONDUCTION. 

H. R. Prescott & Sons, Ine. ....... xiv 
HYDRANTS, FIRE. 

Caldwell Co., George A. iv 

Hileco Supply, Inc. viii 

Public Works Supply Company xvi 

Smith Mfg. Co., The A. P. .... Following front cover 

ILYDRANTS, PUMPS. 

Hilco Supply, Ine. ........... viii 


Joseph G. Pollard Co. 
H. R. Prescott & Sons, Inc. 


LEAD PIPE. (See Pipe, ead.) 
METERS, OIL AND - 


Following front cover 
xiv 


B-I-F Industries . Following front cover 
Gamon Meter Div., Worthington Corp. .... : vi 
Hersey Mfg. Co. ix 
Neptune Meter Co. Following front cover 
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Caldwell Co., George A. iv 
Ford Meter Box Co. Following front cover 
Gamon Meter Div., soiree Corp. vi 
Hersey Mfg. Co. ix 
Mueller Co. Following front cover 
Neptune Meter Co. Following front cover 


METERS (Venturi Type.) 
B-I-F Industries 

METER BOXES. 
Bingham & Taylor Corp. 
Ford Meter Box Co. 
Mueller Co. 


Following front cover 


Following front cover 
Following front cover 
Following front cover 


METER TESTERS. 
Badger Meter Mfg. Co. 
Ford Meter Box Co. 
Mueller Co. 
Neptune Meter Co. 
Public Works Supply Company 
OIL ENGINES. 
Fairbanks, Morse & Co. 
PAINTING SYSTEMS 
Wilbur & Williams Co., Ine. 
PIPE—ASBESTOS—CEMENT 
Johns-Manville 
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Following front cover 
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xvi 
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PIPE, BRASS. 
Caldwell Co., George A. 
Hileo Supply, Inc. 


iv 
viii 
Pierce-Perry 
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Co. 
H. R. Prescott & Sons, Inc. 
Torrington Supply Co., Inc. 
PIPE, CAST IRON (and Fittings.) 
Bingham & Taylor Corp. 
Cast Iron Pipe Research Association 
Hileo Supply, Inc. 


Following front cover 
Following front cover 


viii 
Pipe Founders Sales Corp. xiv 


U. S. Pipe and Foundry Co. 
Warren Fdry. and Pipe Div. 


Following front cover 
Following front cover 


Wood. R. D., Co. Following front cover 
PIPE, CEMENT LINED. 

Cast Iron Pipe Research Association Following front cover 

xv 

U. Following front cover 
PIPE CLEANING 


Centriline Corp. 
ag Water Main Cleaning Co. 


pane Following front cover 


x 
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The Journal! of the 
New England Water Works Association 


is a quarterly publication containing the papers read at the meetings. Many 
of the contributions are from writers of the highest standing in their pro- 
fession. It affords a convenient medium for the interchange of information 
and experience between the members, who are so widely separated as to find 
frequent meetings an impossibility. Its success has more than met the ex- 
tion of its projectors; there is a large and increasing demand for its 
issues, and every addition to its subscription list is a material aid in extending 
its field of usefulness. 
All members of the Association receive the JourNnaL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four doiiars per annum. 


TO ADVERTISERS 


"THE attention of parties dealing in goods used by Water Departments is 
called to the JounnaL oF THE New Encianp Water Works Association 
as an advertising medium. 
Its subscribers include the principal Water Works anp Con- 
TRACTORS in the United States. The paid circulation is 1,300 coptzs. 
Being filled with original matter of the test interest to Water Works 
officials it is PRESER and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to CH BUYERS than by any other 
means. 
The Jounnat is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


A sample copy will be sent on application. 
For further information address the Advertising Manager 
Mrs. Atice I. Haraway, 


73 Tremont STREET, 
Boston 8, MASSACHUSETTS 


ADVERTISING RATES : 

One Issue Four Issues 

os Size of page 4% x 7% net. 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 

Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 


: 
+ 
: 
= 
te 
4 
ie 
: 
: 


: 


